,-./012e3e"XLLMAQR, Wb XT"X&J$, | 't f~, , I:;~fill~ ORGANOBORO- DERI VATI VES
AND PROCESS FOR COUPLI NG ORGANI C COMPOUNDS The present invention’rlel/fdtieslitb
a process for covalently coupling organic conmpounds, in particoboron

i nter msd;“mmlm \ﬂlﬁ }Hm”m organi ¢ conpounds. The invention also relates to a 5
process w m t he organoboron i nt &F nedi at es. Processes for forni ng
coval ent bondg.pet ween ol efinic or acetyl eni c conpounds and ot her organic

conpounds, both inter- and infra-nolecular, are of particular inportance to
t he synt hePREAYOFGEROS RIFENAIEVESVENY PROCKSS EQBIGO0HE NG © RIGAOWA C CaRITUNDS

iri [ ial 1 ti diti , | ts) tal ysts,
et vat | ng HFOerEReoh S0 1 RS bAoA FECER RSP g

ol efi ni ¢ Mojefid@s th APrHASs %Ja%%&ﬁgqhnkﬁfgaarntaleﬂmiéeﬂa@%ﬁi& eRRpoERcsiA Bed in

the follow'ng references: Transition Metals 1n the Synthesis of Conpl ex
Or gani ¢ Molaegarobsrofilin@Srmédegie dusthetmigamic sompoSels e Ite iBeoken ali®elated ®BN
0- 935702-388%; Hg)(r;_dbook of  Pal | adi um Cat a[ﬁﬁsed Organi ¢ Reactions (J.

Mal | er on,> Pro¢essifd Paeraripe the Geanohprnd InKERedigfet press, 1997, | SBN

0-12- 46661 5-9); Pall adi um Reagents and Catal ysts (Innovations in Organic
Synthesis by J. Tsuji, John Wley & Sons, 1995, |SBN 0-471 95483-7); and N.
M yuar a andrécesSufokiorm@izernviRent. bond9betwas ol2AfiE 02 483ylefatcainpsursisahd other

pal ladium its conplexes and its salts are || recognised for actiyation
bf C 20 H HBHUIL SONRAL Qg oais meen i rare of SR IG AT AR EFEIahe
reaction ofsygfedd §8RGC CherfsKYMEnidA r@fkiiBhY hre¥noWh ¥dch ff%#diﬁﬁ% k8 odR8pecial

presence of " pall adiium derivatives has been the subject ensi ve study.
However domeeetion abndieus| sgreny, cofalystseadtvating gmops @n. h&smadhopnogreessed as

e bl a1 i nufy AR SBs BB RO o mast oy ey b ViclrabR- Bomdae Tt Tor "
success of jtheipkleakink 816w AR rdeRANGS TEAsRioh Maﬁts \%Fh%@ynﬁl@sig e conpRixr at es

and the reaction conditions. For exanple, when (3-hydrogens are present
in the al ké@veartibdlalembsi(brf. Jtagedwl, UniteesigsScianct Beoksorl A9d,i ISBNoG-93 Fi2-28-

(BE) -al keneg, Whi c re.often contam pated. wth . the correspondi.n

(2)- a1 kened: Herdhofh ot Stdws e B Bednichiecrioniinr SelEpRebFBE 1kt oo

Wi th a varii@hdsOhcRicaAdPess, 1997, ISBN0-12-466815-9¥, Palladum Reagents and Catalysts
(Innovations in Organic Synthesis by J. Tsuji, John Wiley & Sons, 1995, ISBN 0-471-

95483-7); and N. Miyuara and A. Suzuki, Chem Rev. 1995, 95, 2457-2483.

Catalysts of palladium, its complexes and its salts are well recognised for activation of C-

20 H bonds towards coupling reactions. In this regard the Heck reaction of an alkene or
alkyne with an aryl or vinyl halide in the presence of palladium derivatives has been the
subject of intensive study. However commercial development of the Heck reaction has not
progressed as rapidly as could have been expected. Other Group 8-11 metal catalysts,
such as platinum, have also been used to activate such carbon bonds.

25
The success of the Heck reaction depends to a large extent on the substrates and the
reaction conditions. For example, when two f-hydrogens are present in the alkene the
reaction generally leads to the formation of the (E)-alkenes which are often contaminated
with the corresponding (Z)-alkenes.

30

Although alkene borates (alkenylborates) can be reacted with a variety of organic
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nol ecul es to give coupled products via the formati on of new carbon-carbon
bonds (See for exanple the references above) the process for the ¢, APK 2003
preparation of the al kenyl borates by the commonly used hydroborauon ' ° e
reaction of alkynes is limted because of the difficulties that are
encountered through the |lack of regi ochem stry and/ or chenosel ectivity

(such as the 5 reduction of a nunber of different functional groups) (See

N. Myuara and A Suzuki, Chem Rev. |995) 95, 2457-2483). |nproved and/ or

al ternative net hodol ogi es are thus réquired for the synthesis of organo
borates from al kenes and al kynes. 10 It has now been found that useful

or ganoboron conpounds can be synt hesi sed from al kenes and al kynes under

m | d condialeawss tagdve epupled ppedusenaethgfoamatgngd 16w csolnstqarbaankands Teedor
process aqvercones or at |east .alleviates one or .nore of the |limtations
Encount eP ST BnE cTse sar OO Ra (GpiReras (o nyaP SBOPLPT Bh Rt hedabrbEy YBap! | ng
of the oemRR6r @ed HdaBbiAGdh r¥REoMbi MkAies Q¢ OAeE bEQMPOLNG e ABYichEePGhI eved
in the presence of GGoup 8-11 netal catalyst and a suitabl e base.

Accor di ngreyenchentpred dbiongh fedatk Oirepirelvdniesy angpoeesroselgetvdiyakaras|the

Compouna e O5E AFRAEE HASE ARTRR FEeRATSG LR hh SRl ©

acet yl enchegmpaundohaos, ngsab4gpast one carbon to carbon triple bond with a
di boron derivative in the presence of a Goup 8-11 netal catal yst such that

an organoboronate residue is introduced on one or two of the carbon atons
of the respective, doubl triple bond, .ln thi.s .pf ss the triple bond
becones Bk sBharer e mldBloRel it 8 bR BERErh T b oo
triple opodedlten bkeAs dmliBaer esent 25 and, depending on the reaction
conditions enployed, these may or may not also react with the di boron
derivdfive. The di boron derivative nmay be an ester or other stable

dorivat i bt . ; . : th ¢
the 1 or niie® Prby I8 BB SRR BRI Ly harH SRR MLy s ©
opti onal hikesddhst iatk?/m%sdur&rey milrconitioh) and RRREpERER e Df YBhdeCofGuBHRuds. f Or mul a

|| '~"~3 -3 ~\ BR OS5 where R~ is optionally substituted
al | yi eneThigmypeeseomicaneiedr adilapsy adlgyiagps oup ot 8¢ PEihsdimitatieasicrgonpiseadi i or

. itiie . . NPy L
o aa RS AR B PR AR EYER e i ggnonoron
[ bi s( pkna&olaale) @ithahengmic ddigoRhdaRglbeashievedin e Bassoite ©f @rbel] 8-11

2,2'-bi-1, 3, 2-di oxabor ol ane [ bi s{et hanedi ol at 0) di boron])
2, 2" - bi - meR patglystaiidor $aARE bR#si s{ n- pr opanedi ol at o) di boron], 10

5,5/5",5 -tetranethyl -2, 2" -bi-1, 3, 2-di oxabor mane

[ bi s( neopent anedi ol at oj di boron],

(4R 4' R ABddRpit ¢t pagsehthiyiben2ior 'prddiidek, a3prdets duadaatiezhaneoupling organic
1,1, 2, 2-tetraki s(2-nmethoxyet hyl oxy) di borane, bis(( 1 S,2S, 3R SS}-(
+) - pi nan@dﬁﬁﬂ‘@@%ﬂﬂ'ﬂ@cﬁ%‘iﬂrﬁg%‘)e?c‘mg an olefinic organic compound having at [east’one
(4R, 45R) 2 i e o) - di |

o D s o e N O R X tBing g s g one sarbe 3.

| -
2, 2" - bi - (@b gl bend bt raadiordn delpenzedn tealresenteof & Erow 80P mogeall cafadf3; 4'
R 5R 5 R}-2,2'-bi-1,3, 2-di oxaborol ane-4,4' S, 5 -tetracarboxyl ate,
(3aR, 3' afichdntgmpsganaboranaieRgidicois 3airedused onaRE A1 By of the cpbon atomx of hxabor o
| a

3. g?’di éig%g%’ Ig I%igsll@l'e orkiifk vhiid " ATWEY AlbLQlrd At bdnaZbecBinesa double bond,

or the double bond becomes a single bond. Other triple or double bonds may be present
25 and, depending on the reaction conditions employed, these may or may not also react with

the diboron derivative.

The diboron derivative may be an ester or other stable derivative of diboronic acid.
Examples of suitable esters include those of the formula (RO),B-B(OR), where R is
30 optionally substituted alkyl or optionally substituted aryl or -B(OR), represents a cyclic

group of formula



20 (+1-)-4,4"-bi-(nmethoxynethyl)-2,2"-bi-1, 3, 2-di oxabor ol ane,
2,2'-bi-1, 3, 2-di oxabor epane,
5,5' -di hydroxynet hyl -5, 5" -di net hyl -2, 2" -bi - 1, 3, 2- di oxabori nane)
bi s( 1R, 2R, 3S, SR- (-) - pi nanedi ol at 0) di bor on( B- B),
2,2'-bi-4H 1, 3, 2- benzodi oxabori ni ne,
(+1-)-4,4"-bi-(phenoxynet hyi)-2,2"'-1, 3, 2-di oxabor ol ane,
(+1-)-4,4,4",4",b, 6" -hexanet hyl -2, 2 b| 1, 3, 2- di oxabori nane) 25
5,5,5,5 -tetraethyl 2,2' -bi-1, 3, 2- diloxabori nane, 4,4' ,5,
5'-tetranethyl-2,2'-bi-1,3,2 dloxaborolane)
(+/-)-4,4"-dinmethyi-2,2"-bi-1, 3, 2-di oxabori nane,
(+/ )-5,5 -dinmethyl-2,2"-bi-I, 3, 2-di oxabori nane,

(dlnaphtho[2 1-d: 1,2-f])-2, 2' -bP-1, 3, 2- di oxabor epi ne, 30
6 6'-diethyl-2,2"-bi- 1 3,6, 2- d| azéborocane
6,6'-dinethyl-2,2'-bi-1,3,6 2-&ioxang%rocane ~a., , , - = =" ;=
~n~)a 5,~,5,5" -tetraphenyl -2, 2 \q5/1 3, 2-d~ oxabornane 4, 4,4 4 7,7, 7
7' -octanmethyl -2,2' -bt-1, 3, 2d|oxaborepane
1,1,2,2-tetra s(neo 0
(15, 2 & s & T QTRBAD HpRed BIAS yisng op oihise Filenb FropREPTRTEYS ~ (4R
4" R SR jimked B)IE)}?&tlc%r -aBbmakic MBoiedesdiro¥RRed Alvdn@r dorivhtives Hracl,ud&’,5
-tetracarboxyl ate 4R 4 R SR 'S R -M, M, N N4 N5 NS NS
- oct anet hﬁy# 42,,42,51505 5'-o@mahydiZX o bﬂ@omﬂrwﬂedbﬁ(mﬂ@pfaé@ékbbmthﬁa)
4,4, 4" 4" - yi.-2, 2 -hi,: xaborin
4 4.4 4 P”ésacé %“C%Gt} haraia Arg] 22232"” lbﬁ dgbogitaE bisfstamgdiotato)diboron),
/3,3 -bi 712551d1 b a@xﬁaoﬁm@neb[ﬁ&zﬁgfog%@awmmdr&mmo
(+I )-4,4, 4 5' - hexame 3, 2-di oxaborol ane, 4,4,4" ,4
-tetr h@reft ﬁ)ﬁl Sztet@melmy-l 2,23- bz-l(;ﬁ éxiabc@bqyuraxne jb1s(neopemaned1olato)d1boron]

i i 55 g<4%é§&§§ﬁénéﬂe ﬁ%ﬁ@ﬁ--%-§b§95ﬁ§3g58hh£%ﬁe’

4, 4" -di phenyl>. Gm%k%czim@m@ u@hgﬁga@&dne

4,4' 6,6 -tetra(tert-buty benxodi oxaborol e. 15 Sone of the di boron
deri vat i Jas{(1,29,3B&s Snfrie- Pﬂ@addlplﬂtoadi’ewab(%m o subsequent hydrol ysis than

others a 0. S | der reaction conditions.
Furtherngg%qP#haﬂﬁfﬁﬂ' %H%' %H*fo¥%8kaﬁoron derivative used may facilitate
cont r ol 5 Query.4 hepf RachdiekypRadunfefyPLredhi- The-dickatablagst er derivatives
may be made foll ow ng the nethod of 20 Brotherton et al. [R J. Brotherton,

A L. MO%gkeiy3aR, MS)hPml‘e'dSbh,3a21bleﬂzlod131(®0rﬁﬂé,rfgtrak30pmpﬂer Chern. Soc. 82,

6242 (196 J I r VAR nd H M Nhnasevit,
. Aner. %ﬁeﬁ{ 5188%? % EZAT al}e A(gk?)Ss tﬁ!r_r%ccagés)% y%(t{lll\/lez)3 obt ai ned by
reactl on (9R BGUB6yS, msb\lhﬂ»ﬁaahyd&og@m@em@hnﬁ a)-BrB{oNYEs; R Aidnabsa@k] on with a

stoichionetric anmount of BBr3. Reduction in refIUX|ng tol uene with sodi um

netal gi 8B.6553 Rne Stidbestrshy defwpeldifdd F BENVEDPZA-diokphRlangf t er purification

by dis I I on, e t r,e ) in
Che pr esdide- S 4F B ROEREN P 2" Dl iR iRl 2 Tn T SPGB BARE ) !
product . ﬁﬁsﬂlﬂ?ﬁl@ﬁ%ﬁfr@ﬂh?dﬁ@f ame)tﬂlylm;z'am i szdﬁsmobmdneby Nguyen et al

[ Nguyen, P., Lesley r) der, Pickett, NIL/, Cegg,
W, El sedbgdR..8S SR-(- hﬁ’@aWF%ﬁ)mWr@(B Bh@r%zﬁﬁé{ Erebenzggipxabpsiningep 3. 24] |

O her 30 GEQQS [ﬁﬁmﬁﬂ&n%ﬁﬁﬁ?ﬁﬁtﬁquﬁ(mﬁﬁﬁoﬂhporon derivatives would be

known to Q* term "organoboronate

resi due" (as/-Ms$@H 166 Rhaxamemsl-2 Q' bhe,352-dpxebdriane, cont ai ni ng resi due
formed_by_cl eavage of the boron to boron bond of a diboron derivative.

Exanpl 3 bf - orgdftstyinat Divieb i dipabeimangr oups of the fornula -B(OR) E as

defi ned quvss RetdNEe ﬁﬁgﬁ§ mO{g?QﬂQﬁ%BHﬂgﬁrlvatlve and "organoboron

i nternedi dt é"'"as useé erein refer to an ofganic conpound having at | east

one or gangbhly-éaaidenetrgl-2idebiat ,3&-diokator inatd, on
(+/-)-5,5'-dimethyl-2,2'-bi-1,3,2-dioxaborinane,
bi-(dinaphtho{2,1-d:1,2-1])-2,2'-bi-1,3,2-dioxaborepine,

30 6,6'-diethyl-2,2'-bi-1,3,6,2-dioxazaborocane,

20, APR 73

6,6'-dimethyl-2,2'-bi-1,3,6,2-dioxazaborocane,



position. According to another enbodinent of the Invention there 9% »in 200
provi ded a process for 10 coval ently coupling organi c compounds whi'ch’ ™ ™"
conprises: reacting an ol efinic conpound having at | east one carbon to
carbon doubl e bond or an acetyl enic conpound having at | east one carbon to
carbon triple bond wth a diboron derivative in the presence of a Goup 8-1
1 metal catalyst to forman 15 organoboron internedi ate having an

or ganoboronat e resi due on at | east one carbon atom of the respective double
or triple bond, and reacting the orgéhbboron internediate with an organic
conpound havi ng a hal ogen or hal ogen-1i ke substituent at a coupling
position in the presence of a Goup 8-1 1 20 netal catalyst and a suitable
base, whe?.éby.X tidraphesyildi X -torl. adakgpabeiiteaneéonpound is coupled to the organic

corpound a3 81 9. 2q1gk yeef Lhe e ghom havind he

or ganobor e reésiduea i on! It is to be appreciated

that the plhefpikRineds@iybetido@epound and the organi ¢ conpound 25 nmay be
one and the sane conpound such that the coupling reaction is

i ntranol ed8idab. 551X Skwranpari-ak|-i- terrénkeinrolrne.derdet! t he process in a

ntr 68.55iSreraopbir APyt rolece. he proc _
A b S g L R R

i nterfereqw4'R, IS NP NANGS 'SNEPNS5 1S M5t INTY-ocfantektsy 1202 rELli, ®0-d0bxaBBrakimant ed
by-products. 1! li" i. n-~~l,i -6 Accordingly in another enbodinent of
t he preseht.4 .Avenetiasarboranide] 44t drdeermeetivl o2 ski-F.8r2-digyaliosinans, coupl i ng

Teact onchRRrhonted LRI Siloha ov BoRl gty leni ¢ conpound having
at |east gre-parhenyde-Xanenzddioberebmrd with a

10 (+/-)-4,4,4',4" 5,5 -hexamethyl-2,2'-bi-1,3,2-dioxaborolane,
4,4,4' 4 L_-tetramethyl-2 ,2'-bi-1,3,2-dioxaborolane,
5,5,5',5'-tetramethyl-2,2'-bi-1,3,2-dioxaborinane,
4,4' 5,5 -tetraphenyl-1,3,2-dioxaborolane, 4,4'-diphenyl-1,3,2-dioxaborolane and
4,4’ ,6,6'-tetra(tert-butyl)-1,3,2-benxodioxaborole.

15
Some of the diboron derivatives will be more readily amenable to subsequent hydrolysis
than others and may allow for the use of milder reaction conditions. Furthermore,
judicious choice of the diboron derivative used may facilitate control over the reaction
products formed. The diboron ester derivatives may be made following the method of

20 Brotherton et al. [R.J. Brotherton, A.L. McCloskey, L.L. Peterson and H. Steinberg, J.
Amer. Chem. Soc. 82, 6242 (196); R.J. Brotherton, A.L. McCloskey, J.L. Boone and
H.M. Manasevit, J. Amer. Chem. Soc. 82, 6245 (1960)]. In this process B(NMe,),,
obtained by reaction of BCl, with NHMe,, is converted to BrB(NMe,), by reaction with a
stoichiometric amount of BBr;. Reduction in refluxing toluene with sodium metal gives

25 the diboron compound [B(NMe,},], which, after purification by distillation, can be reacted
with the alcohol (for example, pinacol) in the presence of a stoichiometric amount of HCI
to give the desired ester product. Bis(neopentanediolato)diboron is described by Nguyen
et al [Nguyen, P., Lesley, G , Taylor, N.J., Marder, T.B., Pickett, N/L/, Clegg, W.,
Elsegood, M.R.J., and Norman, N.C., /norganic Chem. 1994, 33, 4623-24]. Other

30 methods for the preparation of the diboron derivatives would be known to those 1n the art.



'y FINaY .
di boron derivative in the presence of a Group 8-1 | metal catalyst 't o"forff
an organoboron internedi ate havi ng an organoboronate residue on at | east
one carbon atom of the respective double or triple bond, 10 addi ng water or
"ater and a suitable base to deconpose excess di boron derivative, and
reacting the organoboron internediate with an organi c conpound having a
hal ogen or hal ogen-1i ke substituent at a coupling position in the presence
of a Goup 8-11 15 netal catalyst and a suitable base, whereby the olefinic
or acetylenic conpound is coupled toe3-he organic conpound via a direct bond
bet ween the carbon atom havi ng the organoboronate residue and the coupling
position. Preferably the reaction is conducted in a single pot, although it
i's possi bt ki sghad@rome 20ido¢ gansbdhemin rtes medicatmglgsdrof cémaihmg fi nal
coupling step If the reaction is conducted in a single pot it is preferred
that the 'BHdee Rumed by leawes et ayer SAndal # gRPTaPeleTryauys: ¢ pimepigsor

catal ysing o BofGRLE 1GidRAGE! ABapd &t hdlicint %@ﬁgﬁ%&ﬁn&%%%@_d to add

stronger bas e organi ¢ conpound I n the coupling reactron. 25 In
anot her enbodi nent, after formation of the organoboron internediate, the

couplig% of the organoboron internediate with the organic conpound is
achi eveld Thy s ©48900501OR S EYEr aRqr & 2BHObOFR IEARETIAE " 3% Reedrierep refer

t enper at i Cl J i i . is

erbodi et o Pl oBbouhPhad 8 IEHBA R AREHAG P ICH LSBT Vee the
coupl i ngposisichion. 30 A . ,~!. ;r,!I ~""~~1?.3 In cases where there is a
need to renove excess di boron derivative but the use of water or water and
base is del eterious because of the sensitivity of substituents or other

factors theieessudiEARAREL ALY Ry AR5 BIRRRE] IkcAdR) i on of mild

oxi di si ng agent oW ng e formation of rganoboron 1 nternediate. 5
Accor dilngbyalemiyacouplitighergarbodporet whindr @msisps:ovi ded a process for
coval ently coupling organic conpounds which conprises: reacting an olefinic
conpound having at | east one carbon to carbon double bond or 10 an

acetyl enic CO%%HHQaI?QPéhHﬂ c@ﬁlpbl‘?xﬂ?ﬁav‘?f&eatqu{spg& P GRLRABMTdoRb R Repd, Wi th a

an acetylenic compound having at least one carbon to carbon triple bond with a
diboron derivative in the presence of a Group 8-11 metal catalyst to form an
15 organoboron intermediate having an organoboronate residue on at least one carbon

atom of the respective double or triple bond, and

reacting the organoboron intermediate with an organic compound having a halogen

or halogen-like substituent at a coupling position in the presence of a Group 8-11
20 metal catalyst and a suitable base, whereby the olefinic or acetylenic compound is

coupled to the organic compound via a direct bond between the carbon atom having

the organoboronate residue and the coupling position.

It is to be appreciated that the olefinic or acetylenic compound and the organic compound

25 may be one and the same compound such that the coupling reaction is intramolecular.

[t is especially convenient to conduct the process in a single pot without isolation of the
organoboron intermediate, however it has been found that the presence of unreacted
diboron derivative can interfere with the coupling step, resulting in the formation of

30 unwanted by-products.



di boron derivative in the presence of a Goup 8-11 netal catalyst £é fLor meyn)
an organoboron internedi ate havi ng an organoboronate residue on at | east
one carbon atom of the respective double or triple bond, 15 adding a mld
oxi di sing agent to deconpose excess di boron derivative, and reacting the
organoboron internediate with an organi c conpound having a hal ogen or

hal ogen-1i ke substituent at a coupling position in the presence of a Goup
8-11 netal catalyst and a suitable base, whereby the olefinic or acetylenic
conmpound is 20 coupled to the organi@'conpound via a direct bond between

t he carbon atom havi ng the organoboronate residue and the coupling
position. The m | d oxidising agent may be any conpound which wll break the
B- B bond Asfortlheglirbowodrer dmbpdiatenve thepregtrit ghvangomdterstsriopgdehapgdeesso br eak
bor on- carbon bonds of .the 25 or anoQﬁ:gn Anternediate. Suitable mld
oxidisinaﬁéﬁéﬂfgt%f%”wp%ﬁﬁﬁpg§ﬁggpﬁ? it GPBRYYEN gas, chl orami ne-T)

chl oram ne-B, 1-chlorotriazole, 1,3-dichloro-5,5 dinethyl hydant oi n,
trichl oroi socyanuric acid and di chl oroi socyanuric acid potassiumsalt.

Oxi dant s suchreastiigalr olg&nic gempsurgid)aviogon écasberenganedn to-darhopl donhlériwpaooxi de,

pot assi.um 30 persul.phate, sodi,um hypochlorite a raci are .t oo strong
for usé inth %a%¥%588§?mB%HSJPV@§Pg%@gé§?d§ﬁF§qgSégoﬁg?&?%Pﬂ?Hﬁ.2fof this
invention  ~gibpronderivativeimthe p@sent®8f h €rbEp 8aliehéai éﬁial%ﬂ@b fohedd ni c

conpound” as used herein refer to any organic conpound having at |east one
carbon to caroganawng sdrondiaktiagingian aganoparanagfregiduapbAelcast 08y sarbom  The

ol efini c conpounds be selected fr optionally substituted straight
chai n, branchgamﬁﬁtggﬁﬁp%x%fggﬁ% ?rgﬁﬁghﬁﬁ%cules, nononers and

macronol ecul es S such as polyners and dendriners, which include at |east
one carbon to carbon doubl e bond. Exanples of suitable ol efinic conpounds
i ncludé but aaddimpwatei of tedr awl @stipblerirse pr dgepinpase exsass-dibarne detiwatveg, ene,
pent-1I-ene, pent-2-ene, cycl opentene, 1-nethylpent-2ene, hex-1-ene,

hex- 2- ene, heX=3-ene, cycl ohexene, kept-1-ene, hept-2-ene, kept-3-ene, oct-
| -ene, oct-2-ene, cyclooctene, non- | -ene, non-4-ene, dec-1-ene,
dec-3-ene, buta-1, 3 10 diene, penta-1 ,4-dine) cyclopenta-I ,4-diene,

hex-1 , di ene, reagisigohe reganolyrdi nermediaed Wik ra-O1ganic ghmpound yayvigsagiateger | 3 |
5-tr iene and | oqgta-1,. 3 5 7-tetraene h ich e
optionally su gﬁlai(f?gﬂlgg.e SB&%‘P‘&P%‘I 4 CQURENE P ?%ﬁ%rh{n t@%?feﬁg%greaonpah(gﬁmgfgy Ef;cl ic

al kengscont ai rﬂétap@itéﬂ?ﬁﬂma a3ifatOb&R! RAkreBY eolefific Bhacayiehic RbmpeafpRUNIS
may be a, ~i -unsaturated carbonyl conpounds such as a, (3unsaturated esters,
al dehydes, ketonpked,to the erigarie compowrdrifiaigdireel wind hetvesndhe gagbon atom having

1, 3cyci opent adi ene. The term. " conjugated..di " as used herein refers to
any conpound%ggﬁgﬁwgb%Pnggf?ﬁawégh§%HF§HED$ﬁgiu ‘ets- Al der reaction. The

ol efinic conmpound nmay al so be an organi c conpound having a | eaving group in
an allylic position or a conpound | eaving 20 adj acent dqubl e bonds) such as
a |, 2- di Rasferatp thereastiorcis conaisicd ie 8 ptimert. akhqugbdt wawsiiblefefsofae ths any
conpoyRd ' 0 0 try o, ; tylenic
compoande AL B ugr BBy RS E RO SpRg el RS RORP s T A Elie

br anchedsiggle @ycit iic prtdeysiatatane bavelaaded @jecomposrans ddtbranderivadveiwm! ecul es

such as polyners and dendriners, which include at |east one carbon
suitable for catalysing the coupling reaction. In this case there is no need to add stronger

base with the organic compound in the coupling reaction.

25 In another embodiment, after formation of the organoboron intermediate, the coupling of
the organoboron intermediate with the organic compound is achieved by increasing the
temperature of the reaction mixture to a temperature sufficient for said coupling reacting to
occur. In this embodiment it may not be necessary to add a stronger base to catalyse the

coupling reaction.



to carbon triple bond. Exanples of suitable acetyl ene conpounds |nQUude”,,r”
but are not limted to acetyl ene, propyne, but-1-yne, but-2-yne,

pent - 1-yne) pent-2-yne, hex-1-yne) hex-2-yne, hex-3-yne, cycl ohexyne,
hep-1-yne, hept-2-yne, kept-3-yne) cycioheptyne, octl-yne, oct-2-yne,
oct-3-yne) oct-4-yne, cyclooctyne, nonyne, decyne, | ,3 ,5-trioctyne, 2,4
30 di hexyne, each of which may be optionally substituted. Preferably the

st rai ght chain branched or cyclic allyne contains between i and 20 carbon
at ons. i ) ) r v~ ~~ . .. EJ- 0 The olefnmc or acetylent conpounds
may have two or nore double or triple bonds, or may have a conbi nati on of
doubl e and triple bonds. By selecting appropriate conditions it is possible
t 0 obt ai NnaagRnaless GBradie ainéad ioviesmok @ exdebCHiborne derivaivebafthd nese Wacirds
remai ns intact. For exanple, where the conpound has a doubl e bond and a
triple bowdesEdduss irlelicrmua bagapicads] the ses il 0T SUPSUCREH QT qheraagesdifct i n
whi ch onl Iy |ve

Sel oct i ort S ST HENALAAVERHE B YERRRLeAI bAoA s ¥

pr ef er entfoRbwingakd fopmardn dfke doubdtréoniternidmd.arly the nolar rati o of

di boron_conpound to unsaturated conpound may be selected to give a
particuiar desired product. As nentioned above the presence of base can

al so_af f efdeol i Pt £ AP brrb OB AARL O prdviacdaPpBbaR BN akfln] ebifihnk DAt
heating t 'on mxture art Ini reacti on can resu [

hydr odebairgdniotumpdnaedetyicalcomprisey: t he product, or proportion of di fferent
products, obtained fTOnthe reaction. For exanple it is possible to convert
sonme or all of the diboronated product to the correspondi ng nonobor onat ed
product. 15 i n or
hal ogen-1 i keAze%ﬁﬁ? ? ﬁgﬁtﬁ hgt%g’% 8%%{0 |v”%r%g§%stp Pgé;w?g?%r@%m%ﬁ}léﬁgg%?c
conmpour® havi ng agetglanib@omipourhiciaogert tdascatehmabdroohatmyerniple doad suithst i t uent

bond at a position where couglln to the or ganobor on cony d i s desired.
The organic cé"tPﬁ’é‘tfh%FfHﬁyV%@‘ ?Pfﬂ%%ttCFé’ adrepp r%rlcl)mstal ARIEST g LRy fien; ¢,
aromatic, pol ik GAERAASHAAsREe 3R Pte%t'dt'e% a1®n 70
acetylenlc co% nbE ]ggﬁ% &3”1 part of sfg g cgnpan The
organi c conpoumdtnh&ehamaﬂun@odﬂepnnqﬂepbederabIy bet ween 1 and b, hangen
or halogen-like substituents at coupling positions. The terns "aromatic"
and "aromati c conpound(s)" as used herein refer to any conpound 25 or

moi et yy gahi ch 'aﬂﬁh%%b@éxﬁﬁ’@g ﬁ&ft t@ﬁec%?rﬁ)o% ef@%@dlﬁpfﬁﬁ‘a&érﬁaf?xre Ragudoaromati c
rings. The rings e carbocyclic or neterocyclic) may be nono or

pol ycyclic ring systens Exanples of suitable rings |nclude but are not
limted to benzene, hen t.er phenyl , .quat er phen ht hal e
tetrahydronaph?ﬁHP%H@ gmhéﬂ§VPW5§WFﬂ%Feﬂ  A07f W&&éh@om%f ﬂﬁﬂ?ﬁcene
benzant hr aceng, hdioPaNAROLEREENS] 2 ema@tﬁt@a@ﬁnﬁ thépee%a/bfemmtqmwh ne,

4- phenyl pyri di ne, 3-phenyl pyridi ne, thiophene, benzot hi ophene,

napht hot hi ophemegl cataiyanarir @netablebasm wheyebortbe olefmtremzmwﬂfam ccumaynérrﬁe

xant hene, At nys o s v, s e 1,3 - 10 ph oxath rro

i G, pyPURFb 5 pheafisompgind, g rebpPRERTH AR e el PR BbiPS 1 ne,

i soi ndol e, pU&h@&raﬂﬂbﬂﬁh&ﬁemﬂ@?gﬁﬁﬂ@k&ﬁﬂu@ﬁkﬁﬁkﬁz'ne qui noxal i ne,

gui nazol i ne, pterldlne carbazol e, carbol ng, phenanthridine. acridine,
phenant hrol i ne, phenazi ne) isothiazole, isooxazole, phenoxazine and the

and.* ar onthe B BHAB IR 8 e Robed R Sl Btk PR R B B

pol yner s, disaBR u¥iRiive d0twHRAG hmtréng\@hatghlt%témt%o%n efBsh sbnddfofae or nore
aromatic or pseudoaromatic rings. The term "pseudoaromatic" refers to a

ring s&%ﬂégmmmpnmwnenn@hMQtﬁue@ﬂynahcwuhmcgaauﬂswwﬁéwhkgoewabumﬂed by means

ar omat 1 ¢ oRen T Ahsruliofr. SORTRRAP and RGP AT MR Bl ire not

limted thmbyRydadtbing pldlRoisfiyandiCacidtnd BRhiordi€ocyhtierid fidpo@SHith slg
position" as used herein refers to a position on an organic conpound at

whi ch coupling to another organic conpound is desired. Each olefinic
conpound I ma \Y n r I ween 1
and 6, co‘g)p1 fjnﬁsg pcggalgt& %Ep%:rggtdgr ér%‘qnguigm?rlnﬁeu c'f?tﬂ i ﬂr |cg(tr1)e%éalgJ O%Jéégg herein
r ef er s3¢ peasulsiiind, isediu@hyPocisg@ning peRbReUNd 186 Smmglfbrﬁﬂbﬁt ihisbroogss st h an
organoboronate residue is desired. Each organic compound nmay have one or
more, pretSHraBE PridariEess notdern Bart 8Ly inveHli%n positions. If 20 the organic
conpound is a polyner or a dendrinmer a may have many substitution
positions. In this specification "optionally substituted" neans that a
group may or may not be further substituted with one or nore groups
selected frontalkyl alkenyl, al kynyl, aryl, halo, 25 hal oal kyl,

I I "




30 di benzyl am no, acyl, alkenylacyl, alkynylacyl, arylacyl, acylam o/l 73
di acyl am no, acyl oxy, al kyl sul phonyl oxy, arylsulphenyloxy) het erocycl yl ,

het er ocycl oxy, heterocycl anm no, J~~t ~ 7, ~i~11/.~~V~

hal ohet er ocycl yl, al kyl sul phenyl, aryl sul phenyl, carboalkoxy, car boaryl oxy
mer capt o, al hylthio, benzylthio, acylthto, sulphonanrdo, sul fanyl, sulfo
and phosphorus-contai ni ng groups, al koxysilyl, silyl, alkylsilyl,

al kyl al koxysi lyl, phenoxysilyl, alkyl phenoxysilyl, alkoxyphenoxy silyl and
aryl phenoxy siiyl. The optional subsSi-tuent should not be significantly
del eterious to the reactivity of the conpound to which it is attached. The
organi ¢ conpound wi th which the organoboron internedi ate reacts nust

i ncl ude &theliemst "obefendialndgetefinic dvalppged™ id ked datest ieferentanporgneoupl i ng

position to enapl e reacti on with the qrganoboron. internmediate. Preferred
hal ogen §BE§PFWU%%@@3¥H§FUH%E@“b@%méﬁa’%Fgugwemfﬁ“wegb§f9fP?TBfa%hloro

substi t Uta?&n@ ey hC Thd eﬁrﬂ%%ﬁ%ﬁ%y% éel’é@{egéﬁﬁﬁﬁj o?_l){or%ﬁy 86 dtiaNePf

appropriate s on the Goup 8-11 métal catalyst The terns
"haIogensha@ht&mhs&anhﬂibramdchmsmudenmamkmek&ne®mnnmeaamyMSMM$ﬂMmuent

whi ch, resent on organi c co d, may under substitution with an
organobsors’cb"rp{1 FSRObYRES @Qe’i IRErRpe Hl?ﬁ'ld&d’t %elﬂf)tdﬂlgtcgc{@?éﬂﬁ?@s’ (Sif)”gl

hal ogen- ke subshjel Hemlébrerb@émﬁ@c&ﬁwun& ﬁﬁn@e%unﬁewo@mﬁﬁmd% cgrahélm 1~
salts, phosphates and those described in Palladi um Reagents & Catal'ysts

(1 nnovat ipooyyldna, Grtglaenes b$y2rthreslest bynd, pemsiiens, cyolopentend, dym&hBpnst;2-1 995)
| SBN 0-471- 95483 7) E res i nvention |hs based ,on ?he fi ndg that in
the presé&Rcdesr! %{wd’% -eBC.IEXy "E%I‘ C¥APLEXGes: hepi EEPD IRk 0%t iPkd thay add

acr oss ageaf pen orcpz GRE Qﬁ@m@&@@é GioR!1-drfel Bbﬁ: 4bopdief 1-26k, aRc oLt Bilis-19v-
acetyl eni ¢ compound such that an organoboronate residue is introduced on

each df0 tikae camieh,4atiems cpdlopena- I dsheart hmeldbftjbl eVO(bfnheD(mlpH dichond) such t hat
t he doubl e bond b S a sin ond an p on becones. a doubl e
bond. | ncYH@Xade g?“? @ﬁlﬁg#e3géﬁf @Bﬂﬁﬂiig WgaPﬁee‘He nobor onat e
resi dues gy, Qg b@&é}&%ﬁ%&nm&éae Blefdrat) %ﬁ&'ﬂgtﬁk@ﬂﬁ beAfché£hP@lhpg i n the
conjugation resulti | oss of conj uga¥| on. I'n the 25 case of an a,

~3- unsat akkan@cbmzambwwbcmbmprb%darbomemﬁmd di boronate fornmed is unstable and

t he product isolated has a single organoboronate residue on the ~3-carbon
and the a, (~ unsaturation is lost. The term"distal" as used herein in

rel at 18N TH o HRODIAIANE: RFF bé &1 RAAdaRGated cHBBhHIAB fpenncss%uaﬁfaeaqs to the
carbon atons at each end of” the conjugated chain of carbon atons. For

exanpl e, un&aelrdueétestbrscaldbh)}rde&tl@mesmlﬂr}lgs mntcanmuefned dicaecschaen lad-ons 1 and 4.

=12 The ression.loss pf con ion" sed nrefers t

conver si 6% %‘F FnTiedg Y s !«f“g%ﬁf’ﬁﬁt %Sdusg %%H% 15 ﬁ?fa Ea ﬁodp%ouﬂgnd Thi s
nay resukipable mﬁﬁhgﬁea kRS i0f DFQNAIGR bR TRBIIdfRic Eafsoudl EANIsoRL | on.
In sone cases there may be sone rearrangenent follow ng |oss of

conj ugat awarganic compound having a leaving group in an allylic position or a compound having

20 adjacent double bonds, such as a 1,2-diene.

The term "acetylenic compound" as used herein refers to any compound having at least
one carbon to carbon triple bond. The acetylenic compounds may be selected from
optionally substituted straight chain, branched or cyclic alkynes and molecules, monomers
25 and macromolecules such as polymers and dendrimers, which include at least one carbon
to carbon triple bond. Examples of suitable acetylene compounds include, but are not
limited to acetylene, propyne, but-1-yne, but-2-yne, pent-1-yne, pent-2-yne, hex-{-yne,
hex-2-yne, hex-3-yne, cyclohexyne, hep-1-yne, hept-2-yne, hept-3-yne, cycioheptyne, oct-
1-yne, oct-2-yne, oct-3-yne, oct-4-yne, cyclooctyne, nonyne, decyne, 1,3,5-trioctyne, 2,4-
30 dihexyne, each of which may be optionally substituted. Preferably the straight chain,

branched or cyclic alkyne contains between 1 and 20 carbon atoms.



The process according to the present invention is especially suitable for o
coupling olefinic or acetyl enic conpounds containing substituents mﬁrcﬁ“aré”
reactive with organonetal lic conpounds ) such as Gignard reagents or alkyl
lithiums, and therefore unsuitable for reacting using standard Gignard

met hodol ogy unl ess these substituents are first protected. 10 One such
class of reactive substituents are the active hydrogen containing
substituents. The term "active hydrogen containing substituent” as used
herein refers to a substituent which’contains a reactive hydrogen atom
Exanpl es of such substituents include but are not Iimted to hydroxy,

am no, imno, carboxy (including carboxylato), carbanoyl, carboxi m dyl,

sul fo, sulMd elyfinic sukfdtylemt dyinpoundk fiaydhye rox pnyiore daibfeoer wiptiyhondd, 5or

| fondi i mi dyl, sul f.onohydr.gxi.nyl | t any] , .phosphi nyl, phosphi nim dyl ,
bhosphony Ty H e crREIBRBL SR ARSATS 41y RIS GpiKiss SR C S MBS B Lo ng
phosphonag g))ssilhé’gd' T R¥BBOBRG Vitivedtd @RRAMME or E162801bLHHBR bR ALY )

ureido, and ureylene. O these substituents it is particularly surprising
t hat t he inmarct Farexempleh evhersritie corapbunidthias hyldnbix poahdnghz inee porthskigtionndlar y

i bstituents in vi f their high. tivity. 20 b syl f d
the 1 b dpquiabie Feds Bt b bt g Mieh R 0¥ it PR Y A veiths © "
reactive supish sbyente. isertidiotanbimet B los bhditioAea/Hich@iysPmhPr&uigpect of

the invention there is provided a process for prepapln? an organoboron
deri vat i \peeferampirli rehaipnrag dhstdonpledodd b Sirovartiethe vealavmatioiof Aibaronotcafiiound tor 25

acetylenic co und. havin espectjvel.y at |east ,one.carbo 0 car.bon

doubl e bR BrELcomeaeYd By SE R Voeites BarweT FRECIERNE na° S EHBRH ¢ vent
reactive Jpbbdhe HeRBRERIfdabd GnGHEROREGSe ohftoBf PREL2EARR. Ot ha FPsRn8- 11
metal catal yst, "such that a organoboronate residue is introduced on one or
two of 14 Heurclathbioreatin® e rofcuphenix@epaftriivealdeadsion con restitph eotbonds.

Preferably the-reactive substituent is an active hydrogen containing

cubst 1 ¢ uaNrodgepeEi e R kg Y Beoufeinls REPORR Y NRRER PSR pr eent

i nvent i oRbiagndaas@f tRrehdifnf | PO HGnpak 1WRERibaNoRLBYdrNidncHMPHNGc coONt ai ni ng
a carbon to carbon doubl e bond and a | eaving group at an allylic position,

i s react dthorprdtedapigi b ito thedheriespniling menopheonpicd Peeriiet.of a Group 8- 11 net al
catal yst, the |eaving group can be replaced by an organoboronate residue.
Preferably the 5 | eaving group is an ester group. Accordingly, in this
enbodi Peis, uskMBERIH the Hray 1 sHgshiGcdiRing %atidb alfa@iRef onBalofeamebaMeiment
derivatives which conmprises reacting an ol efinic conmpound having a | eaving
group at aaa cepplifginoskiopstaferate sy prgenicicompanndchhaying bearben werdlegeniofe in t he
presence of a up. 8rl 1 .10 al .catal yst such that the |eayi roup is
Fept aceq diceh T HPerRibs oPotarE oPag FE B BHG bHEhgaP e SRRt ot o
are novelcompeuideindesiedit ’Bhd‘digﬁﬁiebor\é,\lﬁ@ﬂﬁtmé}f bd Mgphaneseetinic,WgNt] on. Exanpl es
of such novel boron internedi ates which nmay be prepared according to the
present iaeciplsnico Aromasc| palymerigar gepdrijis. The’ compound may be an olefinic or

2-[ (2) 52~ - Di - di bar | -2 - -

“o o TR TR L R PR N It bibpound. The organic

2-[(2) - 2<cbimpburtd fey hyde dnedor2ndte Op@b@ibl N dBrw2el I1)and -6¢ iy penl odohi €l fkeS, 5- di me
t hyl -1, 3, 2di oxabori nane. 20,

2-1 (2) - 25¢bstisuenfsad cRYPIING PPsBIoBs-oxabor i nan- 2-yl ) - 1- phenyl - 1- but enyl ] - 5, 5- di m
et hyl -1, 3, 2 di oxabori nane. Met hyl
(2)-2,3-bis(4,4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an- 2-yl } - 2- nonenoat e.

( E} - 4- Phamyltednd hrdmbtiB-dnet" aavimedt b ¥bmpodnds)diae xeduatiedtianeter 30 anyedmiioand 2- one.

(2) -4-Phenyl -4-(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an- 2-yl) - 3- but en- 2- one.
25 25 ormoiety which includes or consist§ of one or more aromatic or pseudoaromatic rings.

2-[(E) -1 - I - - - 2- - p - di | an- 2-yl
ot ot T4 UG PSRN Sof ol L BT o b Bl of an- 2
1-[ (E) - 1 s¢st8ins( £x4mbleS-of edirabteatiipglindlud Rstciroxatdimieddan-b2nydnp ebipaegyll] cycl ohex
anol .

(E) - N, N- CFTRBEMH qurtesphgnyt. paghthaleng, detralirdronpphihalgne Idemzylmphthaleges- yi ) - 2- pro

pen- 1am R@thracene, dihydroanthracene, benzanthracene, dibenzanthracene, phenanthracene,
30 perylene, pyridine, 4-phenylpyridine, 3-phenylpyridine, thiophene, benzothiophene,

naphthothiophene, thianthrene, furan, pyrene, isobenzofuran, chromene, xanthene,



30

(E)-3-Ethyl-1,2-bis(4,4,5,5-tetranmet hyl -1, 3, 2-di oxaborol an-2-yl) -1 fdenten-?ﬂ
-am ne.

(E)-N, N-Di (2-propynyl)-2,3-bis(4,4,5,5-tetramethyl -1, 3, 2-di oxabor ol an-2-yl)
-2-propen-1 q!'.; ;~~ ~~ - 14 am ne.
4,4,5 5-Tetranet hyl -2-[3-(4,4,5,5-tetranet hyl -1

, 3, 2- di oxabor ol an- 2- yI)blcycIo[2 2. 1] hept 2-yl]-1, 3, 2-di oxabor ol ane.
4 4-Di met hyl -3-(4, 4,5, 5-tetranet hyl =103, 2- di oxabor al an- 2-yl ) cycl ohexanone.

5
4, 4-Di nmet hyl -3-(4,4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an- 2-yl ) cycl ohexanone.
4- Phenyl - ﬂhe(néxalhﬁn Spyiretl¢, anidabyle - dyrdzole, cjiycmahpmhaﬁﬁiﬁe yiyriddzibet iadange,
4- Phenyl -4-(4, 4, 5, 5-tetranethyl-I , ., 2- dloxaborolan 2-yl)-2-but anone.
4, 4, 5, 5- T@dphsiag Hgingals @U(W%qlsmémﬁe'tb?w‘mw Pithalasing; GUAKKHBEan- 2- yI ) - 2- cy

cl ohexen- ph d h
(2)-1, 5- bé]Mhrlle?g}Pg,B&f(llgd ﬁé‘?ﬂg{at?(g??%%o}ﬁ erl%m%r glngx%ﬁ;})rl%e ner128-n§/ rﬁjh 1- penten-3
-one. 3- Phienyting-ifcthidzde Esdcechxcaafrqmblydx-ama ,aﬁd dicobxiah eadl ahwiicly kn)aprbepanal

R T A A R e

4,4,5,5 T8bfe aﬂﬁér&)e"xg r%cﬂcﬁ?&lébu‘ﬂes htaggf)g%hr%lop&ly%’e% Haeabanetarign Y! ) - 2. 4,

7 15 cyclooctatr I OX rolan
4, 4, 5, 5- Tiatluderet torsis of Gre(at, Mord ar@ndtetargyetdogtontatic rings. The term

3 2 di oxabor ol an- 2-y1) - 4- cyc| ooct en- i oxabor ol ane
4, 4,5, 5- Taeeuoat qlmﬂc}z(r%fgrscaadmg SSSI?IEt"rI%{FﬁsFHW SEIng?rHP@%aGBPBNSH 19 yiytricy
clo[5. 2. diafied @*ﬂﬁ%rzls:}’(fted@ &awa}wﬁ ogn?e‘léikrﬁ?fﬁm U1aP&: in2Gsimilar manner to

4,4,5,5-Tetrane 4,5, 5-tetranet 1, 3, 2-d~oxaborol an-2-yl ) tricy
[ 5. 20 larB@atiGHidgsc - szemplels-q/ﬂF]selm,oaﬁ)maﬁedm@xammmltmmere not limited to furan,
, 5, 5-Tet r anet hyl - g met hyl cycl ohexyl ) -1, 3, 2- di oxabor ol ane.

5- TEIOPEFREt R VOQEW ek cycl ohexyl ) - 1, 3, 2- di oxabor ol ane.
5-Tetramet hyl -2-[ (E)-2-(4, 4,5, 5- tetranethyl 1, 3, 2- di oxaborol an- 2-yl) -
en-

5-
2-

725 ynyl]-1, 3, 2- dioxaborolane
THiter tamet' bouplidg k)(mEQIV Ez)s Lﬁcﬂhﬁemrmﬁrmgm&; Boshtidaneen ametdagic-cop®p@adli oxabo
I . 7-oct adi en 2- di oxaboro
) 1%% . bt st priaRe RO s sk B o SIS SYTPONRS en- 3y

redift E@:HFMM'm B oflt OXRBAT %'ré?@r%blv?’lg)etween 1 and 6, coupling positions,
ZSZ) 1- Bu tr|s445 5-tetraret hyl -1 32doxaboro|an2y|)

ct adi enyl ] -4 4,5, 5- tetranethyl 1,3, 2- dloxaborolane r..",. ~(.~fl
) - 2-{heHerm ssubsgrion pasiion s st heseip refers © PRGN PLEEIEIFIC- 41 1, 3, 2ben

Z
! gxabeo'rrﬁHoUﬁ‘d at which substitution with an organoboronate residue is desired. Each organic
;

HNENSP—AALO

5.
5
5
5,
cte
5,
n-
Z
4, fs
1
0

an-
(
{
S
(

(0]

I\JNI\)l

NS " O

) - 1, 2-bi phenyl - 2- (4, 4,6-trinethyl-1, 3, 2-dl oxaborcnan-2-yl)ethenyl]-4,4
i rretdmynp];)u@l ma(glthaxfablmqrmn@re preferably between 1 and 6, substitution positions. If

_Z) (% égpgsgg%gc{opﬁghé ?sazpo \Ilrgé(raobroarcl.‘len%rxmer [x}haylhazvedrln e%lst%lpenyl I-5 5-die

{( ) Zpogﬂro(lghenoxyrret hyi) -1, 3, 2- di oxaborol an-2-yl]-1, 2-di phenyl et henyl } -
2di oxabor ol an-4-yl ) et hyl phenyl ether. ( 1

S, 2S, 6R, 8S) - 4-{(Z}- 1, 2-di phenyl -2-1( 1 R 2R 6S,

8S5)-2,9,9-tri t hyl -3, 5-di -410 "

bor a1 ey BichioaBectitagn S MR SHBuntsct msans g 8 ONRARAGT MEYEI0KPE BT 1o ot

ncycl 0 substituted with one or more groups selected from alkyl, alkenyl, alkynyl, aryl, halo,

o}
4
4
4,
- 0C
4
I

[

]

-[

3
I

-(
di
[ (
-t
[ (
yl
, 3,

HAFFN‘-

25 haloalkyl, haloalkenyl, haloalkynyl, haloaryl, hydroxy, alkoxy, alkenyloxy, aryloxy,
benzyloxy, haloalkoxy, haloalkenyloxy, haloaryloxy, isocyano, cyano, formyi, carboxyl,
nitro, nitroalkyl, nitroalkenyl, nitroalkynyl, nitroaryl, nitroheterocyclyl, amino,
alkylamino, dialkylamino, alkenylamino. alkynylamino, arylamino, diarylamino,
benzylamino, imino, alkylimine, alkenylimine, alkynylimino, arylimino, benzylimino,

30 dibenzylamino, acyl, alkenylacyl, alkynylacyl, arylacyl, acylamino, diacylamino, acyloxy,

alkylsulphonyloxy, arylsulphenyloxy, heterocyclyl, heterocycloxy, heterocyclamino,



[6.1.1.02, 6] decane.

(3aR, 6aS)-2-{(2)-2-[(3aR, 6aS) Tet rahydr o- 3aHcycl openta[d][1, 3, 2]d|0xabd (33
2-yl]-1, 2di phenyl et henyl }t et rahydr o- 3aH cycl openta[d] [ 1, 3, 2]d|oxaborole
(3aR,6aS)-2-{(Z}-2-[(3aR,6aS)Tetrahydrofuro[3,4-d] [ 1,3

, 2] di oxaborol -2-yl]-1,2 IS

diphenylethenyl}tetrahydrofuro[3 4- d][I 3, 2] di oxabor ol e.
2-[(Z}-1, 2- bi phenyl - 2- (4- phenyl - 2- di oxabor ol an- 2- yl ) et henyl ] - 4- phenyl -

, 3 , 2di oxabor ol ane. (3aR, 7aS) - 2- {(2)12 -[ (3aR. 7aS) Hexahydro-1, 3

, 2- benzodi oxaborol - 2-yl ] -1, 2di phenyi et henyl } hexahydro-1, 3, 2- benzodi oxabor ol
e. 20 In yet another aspect, there is provided a process for preparing an
organi c bhnbhﬂenmcﬂﬂldéwkmambmﬂ Mmkchhconmﬁ@R@mmgacmbagvmmvmke&mnic

d h t t t t d
cubbtt tuenty kB rrrifiior fodhaaRubedmidt, Utouos oo boearmd "¢ °
derivati V%rdu? s HBo:RERPCHRE, Akyi&ilF ﬁHﬂa&oﬂ-y]sﬂWtﬁlsn&@fs@/lY§Itkglp%91?(ﬂy gt t he

| eaving 25 gfoup i $ substituted W th an organoboronate residue. As use

her ei n, thmoxprnwﬂW£ﬂyiwgigymmmkmgeﬂeksTMameouMembeahmgmbmpdwhtmh is
capabl e .of, bej ng, di aced an organgboronate res Sui tabl e | eavi ng
groups ar e‘gg‘?‘ﬁé‘%&n‘iﬁ‘gﬁn‘f%dg esrrg?qngg ?ﬁwt%lpar"ed Pf‘nﬂh ﬁd iy qeathy ogen and

hal ogen-1i ke substituents, as well as ester 30 groups. 71, ~,~"~s ~L)D
3 - 1GThe term™allylic sybstttunon position"” as used herein refers to a
position $hebh5nmkeﬁmnumiwohpdﬂﬂdhabqu®mhomub@mkﬂuﬂéUnCMHmHIEMMdem
organobor&nate re i due it‘% desi.red and wh F on ﬁ]car bon at om
which is ??té)@f"lh? OREXPT THOE &FBBW“&’FBH?W?O(E‘H IF%% pren CIFEF PR car bon
to car bo”th@%‘r‘?zln%b&%ﬂ%teﬁnéd‘até heraheaen Al @h@éti@t[b?rts fnbRdé erme addl @rl The Used

erther al one or in conmpound words such as "al kenyloxyalkyl "al hyl t hio",
"al | yl dffi reettiarydotodiicab Iaytbsamtfrrbaromemmtleg cenpcamght:archemreabfrchmmmlom otyclic

allyl, preferably .C ZO r, cyclo | es,.0 rai ght chain and
bt anched STROI AL EFES ShataroB g FyReahayi. THIBrEhyomti e  sobuty1
sec- but yl ¢pdQmt&r tan@%s)éludo Ader bSOy, subQEa@MhicH, artzpr@kéﬁ?bméhl%‘f%hﬁ ,

| - di met hyl - propyl, hexyl, 4 nethyl pentyl 1- met hyl pentyl, 2-neth penty

3- et hyl penmr;dupd Imayl Uﬂdetrgetshwmutoynlwrtmarﬂckrgmuwmbutrcymed@t@tocmrm htyrpﬂmlt yl,

i, i- czii tmrsit bﬁéﬂ ﬁ%wﬂes Og Qg@%}}/ J ge ﬁ‘r%ftf‘fé%}%w&de trif ﬁ[ﬁ %WD Wg%ﬁltés diazonium

2, 2di mag héﬁ'lt@%’ﬂo‘ébﬁat& a%d%d'E@H@é{:lrﬂB@er’allaﬂr% Qb?hm/& I@ﬁ'&ﬂwts (Innovations in
12d|rrethy pentyl, 1,3 15 di met hyl penty di met hyl - pent yl ,

1, 2, 3, - t r Organkoy$iintteyis by U, TSlBL,tJDhmrﬁillwlﬂ@lSDyﬂ, 199521SBN 91%t%98b&1y| , octyl,
6-nethy|hepty| 1-net hyl heptyl, 1,1, 3, 3-tetranethyl butyl, nonyl, I-, 2-,
3-, 4-, 5-, 6- or 7-nethyl-octyl) 1-) 2-, 3-, 4- or 5-ethylheptyl, 1-, 2-
or 3-pr OFTYM"gPéYém iflR@6ddn isbasedZon th fihdfg ,tha'i'lm i 4pres7€nc@6ﬂa 8romi Sy i &W' 1-,
2-, 3-, or 6-ethyloctyl, 1-, 2-, 3- or opyl heptyl, undecyl, 1-)

2-, 3-, 4cata153t dr@oronﬂerlvgrxre@mag a,q}@tahgg)lssagggnbpn 10 carQon dguble 141: tnpggb@ld 0f6_ or

;eﬁz Wlhgx?{ olbggla o af:etyl%mc cgmpglénd‘s sugﬁ 910% ar? © taljroh](!ron@g resg ued 1s li)nlftcrﬁklrc"e%ptry o1

| O et hyl erAeE e calbon aoms Sf the4espe&ive Gublebr t8pleSoal hMchQEz}Uthe doubleZbond3-
4-, ~- or b-propylnonyl, 1-, 2-, 3- or 4-butyloctyl, 12-pentyl heptyi and

the Iike. b@mpéwg@rbw@mﬂéheaqrw band degrraesbfRibloborsbl ficthe cpse Atk lr gr oups
h tyl,
cyel ooct yirORiRbes Y6 WBHIY e oFUALORSRAY ploiFULFaR HolhyrafikEh SRR Y.

denot es stik@l gdtborc ahn partidifating hedle&bkjuga/uonpfeﬁﬂﬁﬁ@b{ sEbf aﬁuwgakon(yln the
Exanpl es of al koxy_include nethoxy, ethoxy dpropoxy? i sopropoxy and the
di f f er €At ca@gp@g@ o, [g-gﬁstapgateégarbopyl.cowpognd .the_l_en diboronate formed is unstable and

the product isolated has a single organoboronate residue on the (f-carbon and the o, f3-

unsaturation is lost.

The term "distal" as used herein in relation to carbon atoms participating in conjugation
30 refers to the carbon atoms at each end of the conjugated chain of carbon atoms. For

example, the distal carbon atoms in [,3-butadiene are carbon atoms | and 4.



b,y ~~);3 17 _ The term "al kenyi " denotes groups formed from strai ght
chain, branched or cyclic al kenes including ethylenically nono-, dbr:on Yoo

pon-unsaturated al fcyl or cycloal kyl groups as previously deflned i3
preferably C 20 al kenyl. Exanples of al kenyl include vinyl, allyl,

| met hyl vi nyl , butenyl, iso-butenyl, 3-nethyl-2-butenyl, I-pentenyl,

cycl opentenyi, 1 5 nethyl-cycleY*tenyl, |-hexenyl, 3-hexenyl, cyclohexenyl)

1- heptenyl ) 3-heptenyl, 1octenyl, cyELooctenyl, 1- nonenyl, 2-nonenyl,
3-nonenyl, |-decenyl, 3-decenyl, tadi enyl, 1-4, pentadienyl,

1, 3-cycl opent adi enyl 1 3- hexadi enyl, 1, 4- hexadienyl) 1, 3cycl ohexadi enyl

1, 4-cycl ohexadi enyl, 1, 3- cycloheptadlen i, 3,5-¢c C|oheptatr|enyl and 1,
3. 5, 7- cy cl SOTPEISEPR Alo5§ Pf conprertien tasriee aqfrr%‘ylnryfers %&H@@egveg%@aéa fig¥tHed from
strai ght ) I Ner: e rally
il ar (500 PRORREES Bin PEH R ont OOy R i PORRR RHEp

pr ef er ablognfudarzéh & ;ka)‘lr'lzyllosslﬁiaﬂfgh@loﬁf Iﬁls«kmay:hses neraiday eehymyl , 2- propynyl
and 2- or 3-butynyl. 15 The term"acyl" either alone or in conpound wor ds
such as THEyANGRYrEnt follow/ing hpssof cOBUEALRM no” or " di acyl ani no” denot es

car ba |, aliphatic acyl group and acyl group containing an aronmatic ring,
which i's referred to as aromatic acyl or a heterocyclic ring which is
referredThe paécebﬁﬁ@bﬂmyg:lloi the pegént ipreafien aldsyedidily2@italsly Ifor Eouptipg ekfiafc acyl

i ncl ude 20 carbanoyl; straight chain or branched al kanoyl such as_fornyl,
acetyl, (9 GHREAEYICOBRPHKISFPIAMINgeIRSHIBENSH Whis are Héﬁ‘t“éf‘n‘dw organometallic

2, 2- dlnet a I t canoyl ,
undecanoyp%hgIﬁ@tgﬁgafCﬂﬁpgggﬁgﬁn&(?ZﬁgﬁXthgggh%BﬁX&ﬁéﬁgggggéh%fﬂs
hexadecamneacting heipg sdadad oy lgnanichadetangylnlessahad sussnioydntsadrd firqgsanayd ;

ai koxycar bonyl such as nethoxgcarbonyl et hoxycar bonyl , t-butoxycarbonyi) t

25 penlr%bweafr Blathyaf Taded Ve BRSNSy QKT B RgIve WP%IQ@W%%WP“@&'& as

Cycl ohewgreapbnulve AYSH NS ELTRE Qb e PR R PRI 1 oyt

aIkoxysubﬂmﬂy&nmnmhaaaaueﬂhﬂnm&mhkmnyExaﬂﬁkebhmxysubﬁmmytsumhﬂybu&ueh as
benzoyl, toluoyl and naphthoyl ;. aral kano such as Spbllalkano | (e.qg.

phenyl acé‘PS/ 1m1tghghiw 5P p AR IMmpRe RYPBYM éﬁ@?‘l”)’lgﬁﬁbﬁﬁﬂﬁ i SRRy | |

ﬁggR¥Lsfgégpgﬁﬁdﬂa%ﬁ?ﬂ%Pwmgggﬁgéﬁﬁhhpggl ﬁﬂhﬂﬁﬂﬁgﬁggﬁﬁ arg kenoyl such as

% ~ ~ )5f sulforfdiitmidylf sdfonohyllroxxmyfl stltarfhi, }phespyli@ﬂ Jehooptinifrddy, phosphonyl,
phenyl propenoyl , phenyl but enoy hen Inethacryloyl) phenylpentenoyl and
phenyl heﬁ%@&quawphwmWﬁfod‘lyl?@?ﬁﬁg?ny @@SPWHEW &)IE}&%B‘W o),

napht hyl t He S
phenylalggéﬁﬁ %%éﬂ@ﬁ (e.q. Q%§9£§V g@%ﬁ%ﬁ%?yﬁ?ﬁggygﬁ%xycarboﬁ@gmiugﬁ as
phenoxycd&bemﬂkuamdw5tm@pnhyhdxwuqnbothmthey&mxymt*ahnyhﬂsuehum$
phenoxya henox ; ar banopyl as _.phenyl car banoyl ;
o e Estbinapt pEaen i SRaHOIY e s BT o G DB PR oo
phenyl-g) m%ydxﬁylsugBQn@ﬁféhfﬂaﬂ gl é@(m’)l %Y)Emu&{ty hﬁ%’lrgfgﬁ%l ad%l‘r{ﬁﬁ'lafil?ase Other
phenyl'sul fony napt hyl sul fonyl;” heterocycl i ccarbonyl :
heterocymﬁwuaémamnyknsmmmeSnnhﬁenwthetyI thlenylpropanoyl)

t hi enyl but anoyl , thienyl pent anoyl, thienylhexanoyl, 10 thi azol yl acetyl,
t hi adi azol yl acetyl and tetrazolylacery'1l; heterocyclical kenoyl such as
het erocy(}aldc&ﬁiﬁ%%ﬂﬁbé'as &?BFﬂh@QW‘ehh&pH{e%‘@ﬂrowB@é Ebﬁﬁ%é“s' fg?BF‘éﬂ)’aﬁH@Xh and

het er ocycl i chexenoyl ; and het er ocycl 1 cgl yoxyl oyl such
t hi azol yIoggzylokcyﬂoo;dlernaartd/etchrremyllngIrg/amyg aydibords dfheartverwith heleSnioycl i c”

"heter an roc as use hereln on th
e e ool PSS s e a0 Ao il e SRR L O
refer t01@arspgract¢a%orpt§,%a%naﬁ?@%h@ Audh OPRnREARAd e Wi0S g@RohétAGicSyst ens
whi ch contain one or nore heteroatons selected fromN, S, O and P and which
may be oppmnwdSyirsmb@rfist:wetﬂa@mepérhlbmytat h@alrystngtschdhatra masm@rmne have 3
to 20 carbon at rin sel.ect.ed fr n1those
dascri bed s RETet bR BEFM e FESOT VoMV CCONROLIIE) " The
term " ar Wond ASprsQdbip ehSiectR subireaYis A adive PBfogeh c@mglrnmgmuwﬁherﬁs

"hal oaryl " and "aryi oxycarbonyl" refers to aromatic and pseudo-aromatic

ri ngs ring systems conposed 25 of carbon atons, optionally together with
one or nore heteroatons. Preferably the rings or ring systens have between
3 and 20 carbon atons. The rings or ring systens nmay be optionally
substituted and nay be selected fromthose descri bed above in relation to
the definition of "aromatic conpounds)”. 30 The term "G oup 8-11 netal
catal yst" as used herein refers to a catalyst conprising a netal of G oups
8-11 of the periodic table described in Chem cal and Engi neeri ng News,



~i >;0:r,~1i,:; ~-19 63(5), 27, 1985. Exanples of such netals |r}cl ude,
Ni, Pt and Pd. Preferably the catalyst is a platinumcatalyst, altHRough " 2003
anal ogous catal ysts of other Goup 8-1 1 netals may al so he used. The G oup
8-11 netal catalyst may be a plati num conpl ex. Exanples of suitable

pl ati num cat al ysts include but are not limed to Pt(dba)~, Pt(PPh3), Cl2,
pPtCl,, S Pt(ut~c),, PtC, (dppf)CHC,, Pt{PPh3)4 and rel ated catal ysts

whi ch are conpl exes of phosphine |igands, (such as {Ph, P(CH2) ~PPh,) where n
is 2to 4, P(o-tolyi)3, P{i-Pr);, P(cyclohexyl)3, P(o-MOPh)3, P(p-MOCPh)3,
dppp, dppb, TDWPP, TTWMPP, TMPP, TMSPP and rel ated ~; ~ater soluble

phosphi nes&r’,m related |i gands such as triarylarsine, tri are/l anUnmony

triaryl bis CndEpHT & ingesadsiny Gen inkased ertheslindbigiha warryzrr)oleﬁmeo 0
10 tolyl )3 an )

cont ai ni ng PP %U@ %dtﬁh?ﬂ? &H%P I% Q%%O]ZrH 'rgtﬁghﬁ%d lt“gla{]%ﬁ‘/h??&ﬂumg%%g%c, (such
as for exqrtsptuonptsrreﬁitdtiewrahIawor@n@l:rawte Stubsprdseﬂoed)fpﬂnodp 8ad)metal

2,2 -bipyrid allyl substituted 2, 2'- yrid and bul ky secondary or
tertiary aaara?’res)rhe é?ﬁtﬂmétgh@rp C§F r‘?ﬁlf"dﬂ?ﬂeﬁtblvri‘&rﬂf éﬁt(’g%mé‘?‘teh%?d‘ieh Rferahiediénce or
absence of Jg; is zﬂws&l um catal ysts include platinumand plati num
conpl exes i ? ered on solid supports, such as platinum on

carbon, as well as pl ati num bI ack, platinumclusters and platinumclusters
cont ai ni ng ot her netals. npl es of suitable palladiumcatal ysts i ncI ude

but are notccprqwalwnttblsrﬁaee%rme thapg) ¢y provisad eREyeess 198 erePetphPizerptron

Pd( PPh3) a ﬁﬂlpd

| i gands, %[[ %hgﬂl %?@?—E%@%%h%@ d%%eérﬂﬂen(?cn I'S éﬁé%ﬁﬁag Ig(%o-v?(g()@r?%?[ean

P(i-Pr) 3, aH’{gl@cyQJb@htanyﬂt pagitidH withve GBSy ddr(vacive Py Dresdpyemt adphp STRVPP,
TTMPP, TWMPP, TMSPP and rel at ed water sol ubl e phosphi nes rel ated Iigands
(such ak tRetacplakist pY5d, th«ttrrf‘alf:@\r%gt%rﬁ/reptﬁcr%rvytlewr%ﬁw%roa%gﬁwe |'i gands
(such as P(CEt)3, P(Op-tolyl)3, P(Ootolyl)3 and P(OiPr)3) and ot her

sui tabl e I'igands including those containing P and/or N 25 atons for

co- or di natSong df ohd }bteoparlrbmummsat@nmel éxscumprasmfa)ﬂurtdamaarpt:ce opyreipdesee;  al kyl
and aryl substituted pyridines, yridyl, alk ubstituted 2

2' - bi pyri dRNENHRY %@F‘Wﬁss‘%ébﬂld%"?l ?ﬂmfﬂ értt?mérﬂgﬂt%mrfrre*é}vmyi’ﬁ@rtp@rréiracsrrﬁﬁtge

pal | adi Umtéﬁtet;ﬁds‘%ht i*?ﬁfntl N Bt ﬁhce or absence of l|igands. The palladi um
catal ysts 1 ncl'ude adi um an adi um conpl exes supported or tethered
on solildb supports ) such as pall adl umon carbon, as well as palladi um 30

andpa r:t:@rrrsorr“efy; 20¢ dfadanihbiy T hTahe ity o futhafinla o R

Strauss, Gheab&Rane ~ " y'~~3 -20 Communi cations, 1997, p 127. The
sane or different Goup 8 11 netal catalysts may be used to catal yse

di f f er ent 25(8p2-(5 n-Dineetipi dchBslioRaborGrapeipyB-11dhytelt-butewyd}-al5ydmerml 1 .50 be
sel ected fro those described in U S. Patent a686,608. In certain reactions
there ar e S R0R YEs in using ligands with altered basicity and/or steric
bul k. rzq{(zfzset 550k 18 , 2 Nio xaBb @hans]- ?1)11019{&9@1 Bh@hﬂp -5. ﬁﬁt&mﬁqrﬂ-

ni ckel , on carbori and nickel clusters or a nickel conplex. Exanples
of ot her dinxabdrlimin€ oup 8- 11 netal catal ysts include those of Au, Rh, Ru,

Fe, Co) Z r. and apa t hese nmet aI S et cC.
Preferr edri%%[{;gl (?A tg‘ g?“@‘?fﬁossgtrﬁwﬁ?’yl' ggo‘f ? %8@6 '}ggitz'd]gf‘?rtf’ét addi ti on and
reduct i ve (Bl-4 el 4 OLretkinkh§d1 3Mm- trmarﬁrrt)ramuyr 3bgteabl-end. 0 sel ect a
suitable catalyst” on this basis. 10 Catal ysts of platinumare preferred.

The G oup (8)-4Phenyled- (dcétOSlaﬂ gﬁsvtamn&xyl 2361- tllooheqml@oﬁtﬂbﬁ hyltdmel ometal s. The
Bcanp! o5 o EERTEoRITR e PRt b SRl P Bk ER e Sl Br e el 1 e

| ower ali prh@5|$teqamla@p§yhr3c2 a@xg&jrg}gne Lower aI i phati c ketones, cycI ic and
the lower secondary and tertiary amnes, amdes of the |ower aliphatic

car boxyl i d-KE)-d&-Biseh # Svictcramepbibd 3c2-6 wsamialay-2arhaikssylonbdexancbnat i ¢ or
allphatlc [ t han t oni, t nitrile, ethers,
pol yet her s g{]fc%Iclig{c"t])eglt%ﬁterJgI b‘sf‘gﬁr?ger‘%}&lﬁ?‘ %\ 1 hgrdxagomgﬁnzzilt) Prgptfhérr eof ,
i ncl udi ng amixé.ures wi th other solvents. 20 Preferred sol vents include
protic solvents such as nethanol, ethanol, isopropanol and nbutanol, and

non- pr 0?9 dExSritBr 523ugh 4ad Sretrapstiang. .3 AchpRPIAan-2-y Dak Betsene3-amimo,  DVF,

di oxane, I ) t0 4 th ot

sol vents. QEE gls]?og)ﬁo?%’/gﬁ 3 y_'grh Y h%e%g ﬁt?%(ggg(gﬁgé%ﬁ %ilo\y rr al
and in sone cases the 25 presence of wat er is preferred. The addltl on of
further diboron derivative may be useful when the solvents are not
anhydrous. It has been generally accepted that reactions of diboron
derrvatrves should be conducted in the absence of air. Fbmever it has been

1 Ly . o ”~ I D T



~fl ~~flll") (~.~Ij -21 giving nore product en a shorter tine period.

Ot her pronoters may al so be used to provide this effect. This is ad & AR opmy
i nportant Ending as the requirenent for an inert atnosphere can present
difficulties for comrercial scale up and substantially increase the

manuf acturi ng costs. The present findings that reactions between di boron
derivatives and ~ olefmc or acetylenic conpounds can precede efficiently
in the presence of both air and noistuyre substantially increases the
comercial potential of these reactions. The tenperature at which each step
of the process according to the invention is conducted wll depend on a
nunber of factors including the desired rate of reaction, solubility and 10
reactivity ®f€t he reactants in the sel ected solvent) boiling point of the
sol vent, efg.s ql _atray f | 1208 WM er_ahil ¥, N :
range of _4},%05,?;[% [Zr%@?:m ?I[ﬁ [é(ﬁ’? gf'SeEt}rB%g{ egﬁgéﬁﬁgmx%%gﬁgr“ogl&%}éi?g[zp"é%]?]g@rred
at a t enpet-gi]dr, 2 2bboxebernlficand 120C, nore preferably between 0 and 80C, and

nost prefe Yy be n and 80C. The term!” suitable base" as used
herein r ef%?gwtwﬁgggi%égéﬁ‘ﬁ%ﬁaﬁm%v%ﬁ}‘oW@Wlﬂ?‘@@ﬁ?{d?}?‘?"??@er eaction
mXture, s 1£4G8RR {)@-ﬂﬁ,fﬁé‘ﬁsﬂkt)‘aﬁhaﬂjfl-lﬁﬁ,Qfm&ia'BBrd?zEn@%?)b?élbﬁHQaﬁcﬁé?t' on between
reactants. In particular a suitable base is requifed to catal yse the

reacti on bePhawghit(he, Dbgamohohdnl,dlerdivabbrdambgthbutengani ¢ conpound. A
sui tabl e base | sp _be added to.the reaction diumto alter the
product s o"?ﬁ lﬂ?ﬁ’g’ﬁ%ég@tf’éﬁe%?mettwg’ld?’l%&{}?ﬁ‘?%ﬂré’ﬁzir\ia'tw%b\ﬁ‘?%et he 20 ol efinic or

acet yl eni Q,@,@[@?Hﬁﬂnetﬁﬂ@—%@fmb%—teErEﬁe@?ﬂi,@l?ﬁio%bo@éﬁﬁ-zﬂﬁ)’-zf Sldhixehy -2
product with one organoboronate residue”at one carbon at'om of the rel evant

bond ) ratyet,3thdioxatorblenh. Exanpl es of bases which are suitable for
cat al ysj e reaction, of the organpbqron. derivativ nd the organic
corrpounl)d1 iq%gféd@lpgﬁﬁg}ﬁ(l'gﬁ%‘*’éﬂz&ﬂfa gﬁggiyr%ngalgqral,an@yﬁpfﬁwgntﬁat3agr§. um

acetate)) 3tﬂ>mpi-§)-%§,4,mq&%amég-1@31@&%9%%6@. BfrophnaiNa) K Rb, Cs) 25
anmmoni um al kylammoni um M, , & Ba; phosphates and aryl phosphates of Li,

Na, K, Rb4ahd,Cletrphobyiiaibe(desdSetstrimethylChBISOPpQOoONad-2-yd¥5-2)4i,0- Na, K) Rb,
Cs, ammoni um and al | }ﬁ ?r nirani L@ phenoxi des of Li, Na, K, Rb and Cs;
al koxi des S¥¢1oPFstrigg Y- 1 Rp2-G0gaRarofalty  hal i um hydroxi de. Some of these

bases may 4he sUseerdertAn- G4, 915 -irhfedy PN Ak Adsbigh-2L ARG, Such as for
exanpl e tefraal kyl anmmoni um sal'ts or the crown ethers. The 30 weaker of

t hese bHsegclnestatriegliyle | Sodrdionetairplage.t o al |l ow t he coupling reaction to

pLocecd, SR £l RASER 4.3 b S0y CPSOTREEL 00, BLOSTR L BRL D

or ganobor -1 BtedigReioasignsvot h the organi c conpound general |y wohout much
heating i ncl ude the st ron% bases |isted above, including cesium
car bonat e 4,4 b6t5absramatledrb i e; . Spetramethuin godiohaitosoland- ) tkiaydloieX. &i02,

hydr oxi de 5Jn u er. aspect of the invention there is provided a
process fgpeﬁ?ééjb’ﬁsiyhgf’grnlz'%]%a}ﬁé@%r_}eon internediate) conprising reacting a
di bor omderd yat Tateanideh1-a[3-@l £5 ik GaserpoLBh-Bav G0 ahE-2L RSty QRS Cankon to

carbon doubl e bond or an acetyl enic conpound having at |'east” one carbon to
car bon tr ioplee-Somnd-yilnl Brediprabsegiare.of a Group 8-1 | netal catalyst such

(hat a0, OL4ESaDRLIELE AR, UE, e P OHE e R GuR (1o of the carbon 10
4,4,5,5-Tetramethyl-2-(3-methylcyclohexyl)-1,3,2-dioxaborolane.
4,4,5,5-Tetramethyl-2-[(E)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yI)-1-octen-7-

25 ynyl]-l,3,2-dioxaborolanq:
4,4,5,5-Tetramethyl-2-[(1E,7E)-2,7,8-tris(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y!)-
1,7-octadienyl]-1,3,2-dioxaborolane,
2-[(Z)-1-Butyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-octen-3-ynyl]-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane.

30 2-[(1Z,37)-1-Butyl-2,3 4-tris(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3-octadienyl]

-4,4,5,5-tetramethyl-1,3,2-dioxaborolane



A first step in the purification of the internediate so formed nmay -be the - 003
deconposi tion of any excess di boron derivative by the use of water, mate
and suitable base, or by the use of a mld oxidising agent. 15 In a further
aspect of the invention) there is provided a process for the preparation of
an organo boronic acid by hydrolysing the organoboron internediate as

her ei nbef ore descri bed using established procedures. The ease of hydrolysis
is a function of the diboronic ester used. Some al kene borate internediates
are nore anenable to hydrolysis 20 thehr t hose derived from

bi s{ pi nacol at o) di boron. The present invention provides a novel route to
sone chiral conpounds. In this regard the conversion of a double bond
having a sufE)i2t{@Hnt.3GrBonedioxabbanin-2ndd)2-diphbeiletgepar-¢Hof3.3- cycl i c
structure, |.e bond produces new chiral centres. The
stereoseléﬁ??%ﬁbﬁé?%WBez~ of the reaction under certain conditions of the
ol efinic coppoundpwnthithe dbhomemydeni Xabkmdrean 2r @ feddnyl Aru Poaddety W th a
hi gh enanti oneri e excess, especi al Ry if a chiral di'boron derivative is used
havi ng an ehartipxavernancexcess of at |east one enantiomer over anot her.

Simlarly jt.i to, neact the di der ti L b acenyl enic
corrpound% 4@4)?68%?2 BEYFIII C%JF%Q?( éBWétzr)fl)E?’l °s %@%{le\{@%}fﬁ%ﬁ%ﬁgl gof’ge chiral
if chiral 3Qa8blpmen derivatives are used. Chiral internediates and end
products (having an enantioneric excess of at |east one enanti onmer over
anot her) r@;{(@e’- M Gﬁlﬂc@d/mﬁyh}’dhwdséoxabmolan -2-yil+1,2-diphepyjethenplf}-Ichi2r al  bor at e

esters. Fof e 15' %h |Ite¥h of an organoboron internedi ate can be
transferrélboxta org a@o‘h% '@8‘ 8¢ ™A cor di ng to anot her aspect, the present

i nventi on (pg oy isHess)a- quezs&pﬁgm-oqvm ERIFSY8 D- 26 YRt infeehyPr395LBioka-@oNpouUNnds
whi ch conpri ses reactl ng an organoboron derivative prepared as hereinbefore

descri bEY baratticysio[orl glafi? 6ldeortpolstgnyia, Ho-tametilybd endiora-falosgerrdle ke

substitue Ilng position in the presence of a Goup 8-11 netal
cat al yst E%}&alaoggﬁfg fe base. 10 In a further aspect there is provided a

“one-pot” m@s@s;uzr Z?Qf[(ﬁRV@dS?Mdra‘ﬁy@r@UﬁH éygldyeg@m]pl 3 QOIS0 QOoMPIT i 251 NY
reacting: (i) an o m c organi ¢ conpound (i1) an acetyl eni c conmpound
with a di lﬁm’ﬂ@nyld'élfim)\lhtﬁtifwdas3ﬂéﬁﬁqlmfadﬁ]él Eéﬂdlﬁé&bof.@ef orm an or ganobor on

i nt er medi a |ve with an

organic c%ﬁ%ﬂ zhgg’ 23%5%%35)’82@33& 2[? %]\é b 0 ué"ﬁff gf a coupling
posi ti ofy |dgah'feﬂ5ﬂetﬁé®§ﬁ&@zﬁly@f0f@t0@’@Jdﬂ{l&'l]lhdf@b@;bleCat al yst and a suitable base
to forma direct bond between the coupling position and a carbon atom of

t he or gandtéfbh2deipherat2vd-phenyiti, T.RA- dﬂ‘Pf@b@ﬁOWn%MB?fbﬁb‘zﬂbﬁ)égmddé £s attached.
20 The pr A& 8or ?&ggr ding to the present invention is applicable to
chem stry on so pol ynmer support or resin bead in the sane manner as

convent i on#dR, iR §I7)-2-[(BRUBSIH e xahgdrobi, hatienz@lioxciberdlek-yly-ighd in the
preparation of chemcal |ibraries. Thus a suitable organic conpound having
a hal ogen déi?rheﬂﬁ%g@ﬂ}‘lei’(k‘é’dé%bét?P@I@ﬁfhoé%b%’léoupl ing position 25 which is
chemcally linked via a linking group to a polyner surface may be reacted
wi th an organoboron derivative in the presence of a Goup 8-11 netal

catal yst dmeewansthict adpleet, Biaseistpofidedn procedsgbeprepadeiliad otgankeamdrémc hitie
surface of the polyner. Excess reagents and by-products nmay then be washed
avay fromdFHéﬂ%’Gr“fl'a'éle‘?@%f\ﬁeﬁ5636‘1"1‘!1%/3”( dlefipie SETPBHIdAYHECE 1BHINEEOW 3 2Bce. The

coupl ed pradiCt BN EBsiR6h Aol AoShub 1BRANO A BarfnS AN AT BoRbod A8 with

a diboron derivative in the presence of a Group 8-11 metal catalyst, such that the Jeaving

25 group is substituted with an organcboronate residue.

As used herein, the term "leaving group" refers to a chemical group which is capable of
being displaced by an organoboronate residue. Suitable leaving groups are apparent to
those skilled in the art and include halogen and halogen-like substituents, as well as ester

30 groups.



30 chem cal link fromthe polynmer surface. The process is al so pos%;pl
using the alternative strategy of reacting: (i) an olefnlc organi c EER 2003
conmpound, or (ii) an acerylenic conpound, r~r 'i ~1" I~ ;~ i~ 1licked
to a polyner surface with a di boron derivative as previously descrlbed to
form an organoboron derivative chemcally linked to the polymer surface.
This derivative may then be reacted with an organi c conpound having a

hal ogen or hal ogen-1i ke substituent _gf.a coupling position in the presence
of a Goup 8-11 netal catalyst and a suitable base to S prepare the coupl ed
product chemcally linked to the polymer. Excess reactants and byproducts
may be re d (o} ] '- | at ed
by chom Al 3o SAPH, Rl pP AR G Rt e RBHRAGPY By (Rl Merehd 2. °C
used her etcmnps@fnaras wih@has st edednnw o aﬁbmolbdrﬁkamgesﬁfme ma@amu endemgthup to
anot her. Exanpl es of I|nk|n “groups include polyner chains, optionally

subst i t ut kgatagl Ny EFRONGHQST é%dséﬁﬁﬂbtW§¥‘%&FW&BP@“H?W§W€H§P§F6G§‘ It is

al so possbghﬁ cﬁﬂ%%%@@&%oQQ WiBLs, LY reaction of organoboron derivatives
havi ng nore fran' one or ganoboronate residue with organic conpounds having
nore than one hal ogen 1 S or halogen-like substituent. If the organic

conpound has three or nore hal ogen or hal ogen-|ike substituents which react
with the Blr@é%(b‘@r@r@“ﬁ@lnﬁ VB Fye aHa oruseheitisy GHREI96 A FOTBRAUNG AT TdBSUSESS t hr ee

or more Ora‘i’ﬁéhg gﬁ’igglngeil%ﬂ dres, fhemihd- An’%i ?ﬂ@l%ﬁlo"ae%@d@&{a lﬁ?%ﬂ;ﬂg'“ ¢

nol ecul es T n the process resent |nvent 0 The

organi ¢ cemapeisdds cyxhiocdnqarprefcmatbgG;Qotmkﬁd)rmyloblayseﬁmmies ofcdt@éphk esaior nmay
be |inked together such that the organoboron derivattve formed after
reacti on #4dtiHarghed @lkybmehide arctivas st PEoPybIigonrapy eyl éftOba‘Yéo’iﬁmbPWé

Do ] AR BLE RRGE LRab0r IPhERU IR0 R LOMIBNEIOheSE 4

i ntrano ion, “suc a’ring c reacti

accor di ngmtmytpestyi, anﬁBﬂhylplntIyB _aﬂnsmylpﬁen‘yum fnerhytmmyp)rep)ainratuhgmugfﬂ Z.eactive
i nternedi ates which_are capab taking part .in further reactions or

r ear r angeMEREY DUHed S ‘?‘lg’éﬁ‘t}’ib\)‘éyll Ht~e‘?‘ﬁ’§myg% W'H\a‘? YHYOYr defmobor on

derlVatlVﬁﬁh&““%%@épunh%%ngﬁyﬁggﬁ C% i Fysed)$ |ons%’?ﬁlé;(&i\,2ef Ty 2k

part in one or of 'the pa danobor on
conpoundsdigegsipened, hy-dihgtavipantahd,Sdizndchylpentgdhd- dﬁwhylmm%s 9S

24S7- 2483, ~~~~ ;~ 1 1) .. r, The process ccor to t

pr esent > | HREHVIRSAVA] | 6&/\%‘“?4%1 PRl b %f" SE}Ii‘?‘EyleénlpglﬂW@%t bfrbg‘mldl égandl tions

. She, SRR, SLopiotal e Chkliale Comus il epereent
non-t oxi c2-, Bt, 4| §q 6abt @mtm)he)ctyda,att 2ars-t ®~ treSpehythepybdl-n+ ble3-prcq1yémxyel of
air and m)l S{ Lir e 'ghe rgact I7O and 8-methylnonyl, 1-, 2-, 3-, 4-, 5- or 6-ethyloctyl, 1-, 2-,
3- or 4-propylheptyl, undecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8- or 9-methyldecyl, 1-, 2-, 3-, 4-,
20 5-, 6- or 7-ethylnonyl, 1-, 2-, 3-, 4- or 5-propylocytl, 1-, 2- or 3-butylheptyl, 1-
pentylhexyl, dodecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9- or 10-methylundecyl, 1-, 2-, 3-, 4-,
5-, 6-, 7- or 8-ethyldecyl, 1-, 2-, 3-, 4-, 5- or 6-propylnonyl, 1-, 2-, 3- or 4-butyloctyl, 1-
2-pentylhepty! and the like. Examples of cyclic alkyl include mono- or polycyclic alkyl
groups such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
25 cyclononyl, cyclodecyl and the like.

The term "alkoxy" denotes straight chain or branched alkoxy, preferably Cy 5 alkoxy.
Examples of alkoxy include methoxy, ethoxy, n-propoxy, isopropoxy and the different
butoxy isomers.

30



5 may also be performed in relatively cheap solvents such as nethapol ,and, .
ethanol and, in view of the inproved control over the reaction steps, it 743
envi saged that it would be possible to performthe reactions on an

i ndustrial scale. The process also allows the Iinking of organic conpounds
whi ch contain active hydrogen substituents w thout the need to protect

t hose substituents during the reaction. 10 The foll ow ng Exanples are
provided to illustrate sonme preferretl/ enbodi nents of the invention.

However, it is to be understood that the follow ng description is not to
supersede the generality of the invention previously described. 15 EXAMPLES

Exanpl e 1T feftrf) alke@yibidpienydro@bs(fdsmed from straight chain, branched or cyciic alkenes

~, S-tetranet hyl -1, 3, 2-di oxabor ol an-2-yl)ethenyl ~-4,4,5,5 20

t et r amet hpFluging ephydgrisadis Griioartd: ororly-angupied atkyborcyqigalivgd gomsipyas M-Me Mo Me
The pi nacgl r di I.G-aci g, 2 ATk | i nyhacetyl ene
(01 76" q: v Bl bRy i bt oS opaltRBy et T s

0. 030 nMmuhasylviwet eouddrdC cich-buted, | SEle@iK-2t hildenydpEpertenyl heychpemephere. Tol uene
f5 nm, died over 4A nol ecul ar sieve) 30 was added, and the open tube was
heat ed atmgbg-aictanesenylr ihgrangh 3roxpudr syclabexandl | Srremholbertanhe ik

correspondi t l1bor onj st er. of 2.di yi N | 720 m nutes
correseondiag e 050 Skt sRBTY Sea et {30 1 18 |
a trace afutddienynoinopenadiety! esBeayclopbntad@nyl An,3ideadiend) 1 Hareidiatyl chBved out
under an atnosphere of nitrogen gave, after 10 hour;, 5 unreacted starting
mat er i al cyelohetarienylyilsheyelohsaadienyl.r baparaberiadienysol 9 coiiAbERRGINYFaNgt ar t i ng

material to<th i i.c.ester of diphenylacetylene at 7.0 minutes as the
princi pa|1’%’rsoﬁ‘gyc‘:?¢&%§§%ﬁyel' 2 10

2-[(2)1d, 2- D phenyl et henyl]-4,4,5,5-tetranethy(-1, 3, 2-di oxabor ol ane.
2-1(2) -1, 2-bi phenyl -2-(4,4,5,5-tetranet hyl -1, 3, 2- di gxabor ol an- 2-yl ) et henyi ]
-4, 4, 5, 5-khetten ”al%ynyl” enotes groups formed from straight chain, branched or cyclic alkyne
including those structurally similar to the alkyl and cycloalky! groups as previously
defined, preferably Cy 5 alkynyl. Examples of alkynyl include ethynyl, 2-propynyl and
2- or 3-butynyl.

15
The term "acyl" either alone or in compound words such as "acyloxy", "acylthio",
"acylamino" or "diacylamino" denotes carbamoyl, aliphatic acyl group and acyl group
containing an aromatic ring, which is referred to as aromatic acyl or a heterocyclic ring
which is referred to as heterocyclic acyl, preferably Cy_ o acyl. Examples of acyl include

20 carbamoyl; straight chain or branched alkanoyl such as formyl, acetyl, propanoyl,
butanoyl, 2-methylpropanoyl, pentanoyl, 2,2-dimethylpropanoyl, hexanoyl, heptanoyl,
octanoyl, nonanoyl, decanoyl, undecanoyl, dodecanoyl, tridecanoyl, tetradecanoyl,
pentadecanoyl, hexadecanoyl, heptadecanoyl, octadecanoyl, nonadecanoyl and icosanoyl;
alkoxycarbony! such as methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl, t-

25 pentyloxycarbonyl and heptyloxycarbonyl; cycloalkylcarbonyl such as
cyclopropylcarbonyl, cyclobutylcarbonyl, cyclopentylcarbony! and cyclohexylcarbonyl;
alkylsulfonyl such as methylsulfonyl and ethylsulfonyl; alkoxysulfonyl such as
methoxysulfonyl and ethoxysulfonyl; aroyl such as benzoyl, toluoyl and naphthoyl;
aralkanoyl such as phenylalkanoyl (e.g. phenylacetyl, phenylpropanoyl, phenylbutanoyl,

30 phenylisobutylyl, phenyipentanoyl and phenylhexanoyl) and naphthylalkanoyl (e.g.
naphthylacetyl, naphthylpropanoyl and naphthylbutanoyl; aralkenoyl such as



met hyl -1, 3, 2-di oxaborolane. / \ / ~s 0-B N Me~ ~O M@ M~Me 0-ss oNEt ?
MeO ~~ Me aM MeMe Me 20 The pinacol ester of diboronic acid {0.254° d A HoRatitk
mmol e), di phenyl acetyi ene (0.196 g, 1.1 mol es),

tetraki s(triphenyl phosphi ne)plati num{0.037 g; 0.030 mml es) and potassi um
acetate (0.196 g; 2.0 mmol es} were placed in a Schl enk tube under an

at nosphere of nitrogen. DMF (5 nL, dried over 4A nol ecul ar sieve) was added
under argon, and the tube was heated,at 80C with stirring for 5 hours. GC
anal ysi s showed product peaks 25 cofﬁgéponding to cis-stilbene at 7.9
mnutes (4 %, the nonoboronic ester of diphenylacetylene at 14 0 m nutes
(47 %9 and the di boronic ester of dlpheqylaceﬁylene at 17.0 mnutes (44 %

). Heat i ngrenglkensyir(e e PPEY RIBRA"SY Bueenoyl,ePIEnEMethac . 15 %) and

e monobal APlEnER ok BAdhincat nosggn@mﬁnw@énowe £lherAFoabAr (<29

2-1(2) -1, Q&pﬁt}gﬂmmnloet zlnemalp]xshzﬁ),pén@n@l atallegcinpbryll, s&pmaﬁplmnamﬁroaheaneonﬁ
2-[(2) -1, 2- bi phenyl - 4,5, 5-tetranet hyl 2-di | an- 2-yl ) et henyl ]
-4,4,5, 5- @éi#&“ﬁ@@%@?ﬁpnﬁ Z“HPH%&HBW%!%ﬁéaS?H@“HV @ﬂ’ég er of dlboronlc

aci d (0 '%ho‘i” HOH pI iox%ﬂ? f}’k@c@xe}@f)'h &tnﬁo%dg;heﬂox}/ FBS}?a , tetra(;

|s(tr|p tinu . 037 ed ma 10
Schi enl : zirgaherbumdelrswh aaphmtﬂaﬂmmogf anyltmmrgebnmdmfﬁuc(fﬁasmhpnyjrmmmmmyl AA

T O S R SR B Tl
ol e5) Vg e AR E R b R PR e R ARG R0 &0 s0c
Approxinah&hﬁa&ﬁﬂ?&n&nﬂmepdmbbnbamﬂbmsMBM thrediglpeeia toyl Sthimngt thedatogt,at i on t o
give t ?(? t{{ﬁ;‘&?%&?ﬂ (%hlgglazolylacetyl and tetrazolylacety!; heterocyclicalkenoyl such as
heterocyclicpropenoyl, heterocyclicbutenoyl, heterocyclicpentenoyl and
heterocyclichexenoyl; and heterocyclicglyoxyloy! such as thiazolylglyoxyloyl and

thienylglyoxyloyl.

15 The terms "heterocyclic”, "heterocyclyl” and "heterocycl” as used herein on their own or
as part of a term such as "heterocyclicalkenoy!", heterocycloxy" or "haloheterocyctyl"
refer to aromatic, pseudo-aromatic and non-aromatic rings or ring systems which contain
one or more heteroatoms selected from N, S, O and P and which may be optionally
substituted. Preferably the rings or ring systems have 3 to 20 carbon atoms. The rings or

20 ring systems may be selected from those described above in relation to the definition of

"aromatic compound(s)"

The term "aryl” as used herein on its own or as part of a group such as "haloaryl” and
“aryloxycarbonyl" refers to aromatic and pseudo-aromatic rings or ring systems composed
25 of carbon atoms, optionally together with one or more heteroatoms. Preferably the rings
or ring systems have between 3 and 20 carbon atoms. The rings or ring systems may be
optionally substituted and may be selected from those described above in relation to the

definition of "aromatic compound(s)".

30 The term "Group 8-11 metal catalyst” as used herein refers to a catalyst comprising a

metal of Groups 8-11 of the periodic table described in Chemical and Engineering News,



Exanple 4 2-[(2)-1, 2-bi phenyl -2-(4,4, 5,5-tetramethyl-1,3 (A
, 2-di oxaborol an-2-yl )ethenyl]-4,4,5 5-tetra nmethyl -1, 3, 2 di oxabor ol ane. '20'"
-/ | o-s s-o M ~~00~ M Me Me M-Me Me Me 25 The pinacol ester of

di boronic acid (0.254 g; 1.0 mol e), diphenyl acetylene (0.196 g; | .1

mol es) and tetraki s(triphenyl phosphi ne)pal | adium (0.035 g; 0.030 nmol es)
were placed in a Schlenk tube under an atnosphere of nitrogen. DMF (5 mi,
dried over 4A nol ecul ar sieve) .vas _gdded under argon, and the tube was
heated at 80C with stirring for 20 hours. 30 GC anal ysis showed a peak
corresponding to the diboronic ester of diphenylacetylene at |7.0 m nutes

SS[EQT Er§§@hpﬁélB 9d%§%néks093¥%%%%%% CHPEIJBP&q%ioxa 6§éﬁgﬁq5§cTT¥?henyH

-4, 4,5, 5- i€ platin®gh bé[thl'ykt,, 31t%‘l@h@ﬁﬂb@f@|cam@sts5)f-5h%r @iroas 8! 1 1664€k n@fy ddobor oni c
aC|d (0.254 g; 1.0 mmol e di phenyl acetyl'ene (0. 196 g; 1.1 mmoles) and
ci s- bi s(t PF prreny TSR nk) @Fféh%&lbﬁsmﬁt&mﬁmlmw oomplex g Exgmples ofmp| es)

were Placelyi Audil 6phybURe DY 800 RHRSPIEF R ). 'ib@gﬁghez,ﬁgf (> -

drred over I eve) was adde
heat ed &t PROG M, Perlss(tippfﬂ;(EIrig:lﬂ,(Pt(fm?th3 9indhetatsl ca&yﬂmazh;cslase sdsmp\ledesaofpeak

correspondi ng to the diboronic ester_of diphenylacetylene at | 7.0 m nutes
(23 %) ERl%ﬁf’ﬁh’é‘e Hgands (such as (Ph,P(CH,),PPh,) where n is 2 to 4, P(o-tolyl),, P(i-Pr),,

LD PR ot SR o, AR 550
M-Me Me I\/EIVHSP%dnella&doifatﬁs;bﬁrbla);ﬁhodplbmfsg)memealdigind@(sﬂ&ﬂagmaiyl@rsmwI e)

di phenyl acetyl ene (0.196 g; 1 nmoi e 6 and
t et r aki s(ftrramﬁ@mrah&éﬁﬁmbhw)%m)aph%amw( gaydy (ych s BEIERmBK@ertohdh:ePif-8ced i n

10 tolyl), and P(O-iPr),) and other suitable ligands including those containing P and/or N
atoms for co-ordinating to the platinum atoms, (such as for example pyridine, alkyl and
aryl substituted pyridines, 2,2'-bipyridyl, alkyl substituted 2, 2'-bipyridyl and bulky
secondary or tertiary amines), and other simple platinum salts either in the presence or
absence of ligands. The platinum catalysts include platinum and platinum complexes

15 supported or tethered on solid supports, such as platinum on carbon, as well as platinum

black, platinum clusters and platinum clusters containing other metals.

Examples of suitable palladium catalysts include but are not limited to Pd,(dba),, PdCl,,
Pd(OAc),, PACl,(dppf)CH,CL,, Pd(PPh,), and related catalysts which are complexes of

20 phosphine ligands, (such as (Ph,P(CH,) PPh,) where n is 2 to 4, P(o-tolyl),, P(i-Pr);,
P(cyclohexyl),, P(0-MeQOPh),, P(p-MeOPh),, dppp, dppb, TDMPP, TTMPP, TMPP,
TMSPP and related water soluble phosphines), related ligands (such as triarylarsine,
triarylantimony, triarylbismuth), phosphite ligands (such as P(OEt),, P(O-p-tolyl);, P(O-o-
tolyl); and P(O-iPr),) and other suitable ligands including those containing P and/or N

25 atoms for co-ordinating to the palladium atoms, (such as for example pyridine, alkyl and
aryl substituted pyridines, 2,2'-bipyridyl, alkyl substituted 2, 2’-bipyridyl and bulky
secondary or tertiary amines), and other simple palladium salts either in the presence or
absence of ligands. The palladium catalysts include palladium and palladium complexes
supported or tethered on solid supports, such as palladium on carbon, as well as palladium

30 black, palladium clusters and palladium clusters containing other metals and palladium in

porous glass as described in J. Li, A. W-H. Mau and C.R. Strauss, Chemical



a Schl enk tube under an atnosphere of nitrogen. THF (5 nL) was added‘uﬁdé&ﬂﬂ3
argon, 25 and the tube was heated at 80C with stirring for 5 hours. GC

anal ysis showed a peak corresponding to the diboronic ester of

di phenyl acetyl ene at 17.0 m nutes as the principal product ( > 95 %). 30

o~ 0~~~ f, ~~~,.~-29 Eram-lc 7

2-1(2)-1, 2-Di phcnyl -2-(4,4,5, ~tetranet hyl -1, 3, 2-di oxabor ol an- 2-yl ) et henyl ]
-4,4,5, 5-tetra nmethyl -1, 3, 2-di oxaborghane, 5 The reaction described rn
Exanple 6 was carried out using dioxane (5 nmL) as the sup vent in place of
THF. The di boronic ester of diphenyl acetyl ene was the principal product

(>95% . '%ZS&EB i 1275, T different Group 8-11 metal cataly b
2-[(2)-1,2-bi Bﬁlgﬁﬁr’%l%ﬂ E,’S,DB- theetsraénr?e%rhﬁ ?rf?[?», r20-u i oxa gfaolczgzrll-y%-sylusyetehenyl ]
-4, 4,5, 5-ised tacadydeydiffdred; Lepdioxebooodsan&he Threup 8ddtmenl chedyst inbgdhlgonbe

Exanple 6 was carried qut usjng. dichloronethane (5 nL) as the solvent in
pl ace of Sflgetedfraan Ft@é%fi?séﬁb‘iﬂa@qérs} Saisht ?’gg‘ﬁypageghcﬁfa‘%ﬁéc'f‘@}s here@gurs. The

(}/f dggg%pg&ggg%g% ulhe Abafae W3Rt BERiYaRd bP SieRE b1, PExaRpRUYVE burfabie 95
2- [ (Z) -3, NB-catapywenipbiude ke, ach; Retayamektdhyhickls] Bp2actioment oidkebelugersloret heny| |
-4,4,5 5-tetra nmethyl -1, 3, 2-qdi xabor ol ane. ﬁg The Lea%t i on ﬂeescri bed tn
Exanpl e 6”‘%)6&150‘2!‘&1?1?4‘-e§x6‘ﬂ?1%§'?fgertsb‘l“ﬁlé‘ﬁ redp arl! HFReTR VRS IEAARLISE OF ar

sieve) agf fl@],%aﬂ,\f%ﬁtoffza' BEeART oI HE and BRa18E R BRpFex8S behe ¥ metals etc.
di phenyl acétyl’ené
Preferred catalysts are those that readily undergo oxidative addition and reductive
elimination. One skilled in the art would be able to select a suitable catalyst on this basis.
10 Catalysts of platinum are preferred. The Group 8-11 metal catalyst may additional contain

other metals.

The process may be performed in any suitable solvent or solvent mixture. Examples of
such solvents include lower alcohols, and their esters with the lower aliphatic carboxylic
15 acids, lower aliphatic ketones, cyclic and the lower secondary and tertiary amines, amides
of the lower aliphatic carboxylic acids and lower aliphatic secondary amines, DMSO,
aromatic or aliphatic hydrocarbons, nitromethane, acetonitrile, benzonitrile, ethers,
polyethers, cyclic ethers, lower aromatic ethers, and mixtures thereof, including mixtures

with other solvents.

Preferred solvents include protic solvents such as methanol, ethanol, isopropanol and n-
butanol, and non-protic solvents such as n-heptane, acetonitrile, acetone, DMSO, DMF,
dioxane, DME, diethy! ether, THF, toluene or mixtures thereof with other solvents.
Exclusion of water from the solvents is generally not essential and in some cases the

25 presence of water is preferred. The addition of further diboron derivative may be useful

when the solvents are not anhydrous.

It has been generally accepted that reactions of diboron derivatives should be conducted in
the absence of air. However it has been surprisingly found that some reactions of diboron
30 derivatives with olefinic or acetylenic compounds can be conducted in the presence of air.

The presence of air/oxygen has been found to promote or increase the rate of the reaction,



et

[—

was the principal product ( > 95 %. 25 Exanple 10 724 AP 2pn
2-[{2)-1, 2- bi phenyl -2-(4, 4,5, 5-tetranet hyi - 1, 3, 2-di oxabor ol an- 2-yl ) et henyl
-4,4,5,5-tetra nethyl -1, 3, 2-di oxaborol ane. The reaction described in
Exanple 6 was carried out using acetonitrile (5 nL, dried over 30 4A

nol ecul ar sieve) as the solvent mplace of THF. After 1.5 hours reaction
time, the d~boronic ester of diphenylacetylene was the principal product (
> 95 9. ~) ~~ii .~Ilr |l ~~~~21-~-JO Exanple | |

2-[(2)-1, 2-Di phenyl -2-(4,4,5, 5-tetranethyl-1, 3 ,2-di oxaborol an-2-y
l)ethenyl)-4 ,4,5, 5-tetra nethyl-1, 3, 2-di axaborol ane. 5 The reacuon
descri bedsji g BXRERLQRILG: MasSsheAET tgd perdd. UStHRE prorh@pisangy {1Bo Fdusedrtbed over 4A
nol ecul ar” sieve) as the solvent in place of THF. The catal yst appeared to
be | ar gelpyovide dhisibffecti A hishis 8n werier NTHEL B He icawT SR AP BVWEEFtt o proceed at

80C for Za(?IBB%J%iei cagrfngesgiar‘%?ﬁﬂkgs %s(rtc [ eefrilgf chﬁﬂ}lpl ﬁl%estu)égtgrﬂ?allwgcr%zbs% the

princi pal a
2-1(2) - |, Rare RO codrs( 4b1d,presendt feldimdehdibackiods Betdieox aiporodl dfivan s aad heny! ]
-4,4,5 a-tetra nethyl -1, 3, 2-di oxaborol ane. The reaction described in

Exanpl & wlaferdc emagetdenio sempmindgcangeeesde e{fEiently indhe presese 9epethiag and pl ace

of THF. The reaction.was allowed to procee { 0 ours. The

! bor oni GBS ERARRO LR bReRr 88Tl Bl Nadalont s TNEL o)
Example 13 2-[(2)-1 , 2-biphenyl-2-{4,4,i ,5-tetranethyl-I

, 3, 2- d~oxabor ol an-2-yl )ethenyl]-4,4,5,5-tetra 20 ) o

met hyl - | Thezempgrapoitorplecac 15D 108 &t propesg @aserdiedo the IBXeion és eongistedarri ed

out usi ng .np-hut angl )¢ ol ve i | ace CANter 1.5 hours
o o "SRR T PRSI el Ao Ay
10 reactivity of the reactants in the selected soivent, botling point of the solvent, etc. The
temperature of the reaction will generally be n the range of -100 to 250°C. In a preferred
embodiment the process is performed at a temperature between 0 and 120°C, more

preferably between 0 and 80°C, and most preferably between 40 and 80°C.

15 The term " suitable base" as used herein refers to a basic compound which, when present
in the reaction mixture, is capable of catalysing, promoting or assisting reaction between
reactants. In particular a suitable base is required to catalyse the reaction between the
organoboron derivative and the organic compound. A suitable base may also be added to
the reaction medium to alter the products of the reaction of the diboron derivative with the

20 olefinic or acetylenic compound. For example, the addition of base may result in a
product with one organoboronate residue at one carbon atom of the relevant bond, rather
than at both. Examples of bases which are suitable for catalysing the reaction of the
organcboron derivative and the organic compound include aryl and alkyl carboxylates (for
example potassium acetate), fluorides, hydroxides and carbonates of Li, Na, K, Rb, Cs,

25 ammonium, alkylammonium, Mg, Ca, & Ba; phosphates and arylphosphates of Li, Na, K,
Rb and Cs; phosphate esters (eg. C.H;OP(O)(ONa),) of Li, Na, K, Rb, Cs, ammonium
and alkylammonium; phenoxides of Li, Na, K, Rb and Cs; alkoxides of Li, Na, K, Rb and
Cs; and thallium hydroxide. Some of these bases may be used in conjunction with a phase
transfer reagent, such as for example tetraalkylammonium salts or the crown ethers. The

30 weaker of these bases may require some heating to allow the coupling reaction to proceed.

Examples of bases suitable for decomposing excess diboron derivative and/or catalysing



di phenyl acetyl ene as the principal product (88%, together with thé&/{ A% 7003
nonoboroni c ester 25 (5 % . Heating for an additional 18 hours at 80C gave

t he di boronic ester of diphenylacetylene (66%, the nonoboronic ester (19%
and cis-stilbene (4% . Exam-(e 14

4,4,5 5-Tetranmethy!-2-[{2)-i-phenyl -2-(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor oi

an-2-yl)-1-but 30 enyl]-1 , 3, 2-di oxaborol ane.

2-[(12Z,32)-2,3-Diethyl -1, 4-Bi phenyl -42¢4,4,5,5-tetranethyl -1

>3, 2- di oxaborol an-2-yl)-1,3 ,rJ~—~~,1 nt'ln-,"~ -31

but adi enyl ]-4,4,5, 5-tetranmethyl-1 ,3 ,2-di oxaborol ane.

2- ((1Z, 3Zpadioktdiyhe drgdndbophemydrmédiark, Wb iha-drgdnias®hpoiing kederatdivaxahor ol an- 2
-yl)-1,3-hexa dienyi]-4,4, 5 5-tetranethyl- | , 3 ,2-dioxaborolane. 5\ ~

Me O B B-rddqiicheaimg-Mslutlg thestistger-taspeligedvebove. WEluUINg oRpE arigmgie. Et (Ph) Me
Me \\ O M h) E ~ 2l Ve T i I of diboronic acid
(0. 254 g;POia.(Sg‘ug?r%F ‘2‘3“!5/%* E’BE%?Z‘eSE‘;‘}P Ega*esy%‘%’%(a&?%l*%&'}é‘;&g’h e Ses) and

bi s(di benzyl i deneacet one) pl ati num Pt (dba)z (0.020 g; 0.030 mmol es) were

pl aced in a Schl enk tube under an atnosphere of nitrogen. Toluene (5 ni,
dri ed ovdp a4irthe asptce ofihgrinyingipr Yhagg & Riavided aRARSCSaiof BFEP2HAE 2R he t ube was

d . 20C Wit hoetirring for . _ by . k
R S i

), and acpgdbumt habdng at8edst Bal €8bdiBro%arbon dbfiblebdng o3 hewbeth¥nizesmpound
spectronetry to be an isonmeric formof the diboronic ester of
1- pheny| havipgat lepsiarne carbondp serban prérlk baed jnzhg ppgsangeed a(@mupydyllcBeebspondi ng

44, 5. 5. ToRhRh IR FOERORRRRIPALE 5 HiRleSecCF TR & o o309 oabor o

an- 2- y1( afdonfdUdf the respective double or triple bond.

A first step in the purification of the intermediate so formed may be the decomposition of
any excess diboron derivative by the use of water, water and suitable base, or by the use
of a mild oxidising agent.

15
In a further aspect of the invention, there is provided a process for the preparation of an
organo boronic acid by hydrolysing the organoboron intermediate as hereinbefore
described using established procedures. The ease of hydrolysis is a function of the
diboronic ester used. Some alkene borate intermediates are more amenable to hydrolysis

20 than those derived from bis(pinacolato)diboron.

The present invention provides a novel route to some chiral compounds. In this regard the
conversion of a double bond having a substituent on one or both ends, or being part of a

cyclic structure, to a single bond produces new chiral centres. The stereoselective nature

B
wn

of the reaction under certain conditions of the olefinic compound with the diboron
derivative can result in products with a high enantiomeric excess, especially if a chiral
diboron derivative is used having an enantiomeric excess of at least one enantiomer over
another. Similarly it is possible to react the diboron derivatives with acetylenic
compounds to produce particular geometric isomers, which may also be chiral if chiral
30 diboron derivatives are used. Chiral intermediates and end products (having an

enantiomeric excess of at least one enantiomer over another) may be produced by the use



enyl |- 1, 3, 2-di oxaborol ane. 25 ~Me /~. 1~ O-B B-O Me% ~O O~~ Me Me L4 yARR 2003
MeMe MeMe 30 The pnacoi ester of diboronic acid (0.254 g; 1.0 mol e),

1- phenyl - 1-butyne (0.143 g; 1. | nunol es) and
tetraki s{tri phenyl phosphi ne) pl at rum 10. 037 g; 0.030 nmol es) Gvere placed m
a Schienk tube open to the atnosphere. Toluene |~ nlL, dried over 4A

nol ecul ar sieve) was added, and the open tube was heated at 80C with
stirring for 2 hours. GC anal ysis showed a peak corresponding to the
di boronic ester of 1-phenyl-1-butyne at 14.2 mnutes 5 as the principal
product ( > 95 9% . -An identical reaction mxture that was run under an

at nospher g, a'hral bR (ﬁ@sﬂerga‘FSP ef g}p% th@ chf?m 5 of YRbRARLEH 05 LRl A BEEd al |

t oget her wt correspon to /6 conversion of starting nmateri al
to the d|bmmmﬂtaimsi@mpmﬂ;ﬁmphenyl-I-butyne at 14.2 minutes as the 10
princi pal product. Exanple 16 2-[(Z)-I-Et hyl -2-(4,4,5,5-tetranet hyl -1 , 3,
2-di oxaborol an-2-yl)-1-butenyl]-4,4,5, S-tetranmet hyl- | ,2-oxaborol an-3-o0l.

15 2-[(Z z 125 =3~ ol . M-Me
o n g_);\i}%ﬁ%\g N%'mb&%éregayécl e 67\/3&5 ﬁ&%ﬁ&?ﬁf@}%g%p@oﬁ%%%gg%gwg .
pi nacol Sem@tmgybrgﬁnmmmmounch;ovldcl( Cor2prdseg reattflg amwigehobaBederyvagvé 0. 094 g; |

.1 mmol es) and tetrakis(tri | phosphi ne) pl atin 0. 03 0. 030 mol es)
were pl acéfﬂp?rﬁd 4 %@re@@ﬁﬁ(‘) SPH‘B% ‘E‘ﬁlbé 0%%4“% B't'ﬂéf@ﬂ o1 %gfla%'ﬁ’e?f DVF (5

m., dri ednqy, 1ﬂ<’é sqgét@@éﬁka{aéamﬁg vagorpfded wa@h%e oRadSBup 809 higl t ube was
heated at 8 h stirring f g hour s. GE anal ysi s shomed the presence

of the pr@mlysitadaila(snmhla:bzesi er at 0.9 mnutes as the principal product ( >
98 % . Potassium carbonate (0.200 g, 2.0 mmvl es) was added under argon. The
tube was heated for a further 66 hours at 80C, and gc anal ysis showed the

30 presgnge lerth%‘f' 5RRAgRd. 4 HAyiBk § “BRLBS" j\?oc@@t@re@fo@%j.'afelﬂf?% RORARGr RS ester

at 3.7 mnutes ari sing from nononydr odeborat ~on of the “di boronic
ester. compounds comprlsmg reacting:

(1) an olefinic organic compound; or
(ii) an acetylenic compound
with a diboron derivative as hereinbefore defined to form an organoboron intermediate and
15 reacting the organoboron derivative in situ with an organic compound having a halogen or
halogen-like substituent at a coupling position in the presence of a Group 8-11 metal
catalyst and a suitable base to form a direct bond between the coupling position and a
carbon atom of the organoboron derivative to which the organoboronate residue is
attached.
20
The process according to the present invention is applicable to chemistry on solid polymer
support or resin bead in the same manner as conventional chemistry is used in
combinatorial chemistry and in the preparation of chemical libraries. Thus a suitable
organic compound having a halogen or halogen-like substituent at a coupling position
25 which is chemically linked via a linking group to a polymer surface may be reacted with
an organoboron derivative in the presence of a Group 8-11 metal catalyst and a suitable
base to form a coupled product linked to the surface of the polymer. Excess reagents and
by-products may then be washed away from the surface leaving only the reaction product
on the surface. The coupled product may then be isolated by appropriate cleavage of the
30 chemical link from the polymer surface. The process is also possible using the alternative

strategy of reacting: (i) an olefinic organic compound, or (1i) an acetylenic compound,



l,, f ~pi nnw;n .J J Example 17 2-[(2)-2-(5 , 5-Dinethyl- "4/, ABY, oy
2- di oxabori nan- 2- yI) 1, 2-diphenyl ethenyl]-5,5-dilnethyl-1, 3, 2 o
di oxaborinane. 5 OB B-O0 O M ~Me Me Me 10 The neopentyl ester of

di boronic acid (0.226 g; 1.0 mml e}, diphenyl acetylene (0.196 g; 1.1

mol es) and tetraki s(triphenyl phosphine)platinum (0.037 g; 0.030 mol es)
were placed in a Schlenl; tube under an atnosphere of nitrogen. DMF (5 ni,
dri ed over 4A nol ecul ar S|eve) was adged under argon, and the tube was
heated at 100C with stirring 1 ~ for 72 hours. GC anal ysis showed peaks
correspondlng to the diboronic ester of diphenylacetylene at 18.2 mnutes

0 :
gjrg(%du/%:t s %%:[% q@p%@%%égu%a%e SR d1€oroI 5691\’8 wrt]auz}s%sre\ﬁxou y CSCFlQCd t%rfloprglaﬁal

2-[(2) - 2- (pgdobbramtdavibarhe ThénBh X AR Bake golyhkr !:urﬁicBWThis'dBﬂIvQﬁVé hap, 5- di ne

thyl-1 ,3, 2 di o xaborinane. M M OB B-O 25 O O Me MeMe The neopentyl
ester of didsobeorsheedwit ao@r@z@ fg}mppuod hwmge)i)hat@ghreswh@oge@l lg4sugystitacrt at
nmol es) and tetrakis tr| hos e nmol es)
were’ ol acddobRER i B FUGPAP 31 iebuR o sitBEh TR 5

n, driedpeaare ﬂaécﬂ@;bl@@yﬂoaﬁct&hamhnmﬁk@d@aﬂb porder aEgeds réd@nish@dtybe was
heated at 10Cvmth stirring for 4 hours.
products may be removed by suitable washing and the coupled product may be isolated by

chemically cleaving the link to the polymer.

The term "linking group" as used herein refers to any chain of atoms linking one organic
10 group to another. Examples of linking groups include polymer chains, optionally

substituted alkylene group and any other suitable divalent group.

It is also possible to prepare polymers by reaction of organoboron derivatives having more
than one organoboronate residue with organic compounds having more than one halogen
15 or halogen-like substituent. If the organic compound has three or more halogen or
halogen-like substituents which react with the organoboron derivative and/or the
organoboron derivative has three or more organoboronate residues then it is possible to

prepare dendritic molecuies in accordance with the process of the present invention.

20 The organic compounds which are to be coupled may be separate molecules or may be
linked together such that the organoboron derivative formed after reaction with the
diboron derivative is able to react at a coupling position located elsewhere in the molecule

so as to provide for an intramolecular reaction, such as a ring closure reaction.

25 The process according to the invention is also useful for the preparation of reactive
intermediates which are capable of taking part in further reactions or rearrangements.
These reactive intermediates may be the organoboron derivatives or the coupled products.
For example, some derivatives may take part in one or more of the palladium catalysed
reactions of organoboron compounds described by Miyaura and Suzuki in Chem. Rev.

30 1995, 95 2457-2483.



fl / /1t ~1. 1~r~ ~ f~(1~~ 34 CC anal ysis showed a peak corresppmdhpg %m
t he di boront ester of 3- hexyne at 12.2 mnutes (86 % . Exanple 19
2-~(2)-2-(5, 5-Di net hyl - 2- di oxabori nan- 2-yl)-1-phenyl - 1- butenyl] 5,5-dim
ethyl-1,3,2-d ioxaborinane. Nb OBB-O10 ~OO M Mo Me Me The neopentyl
ester of diboronic acid (0.226 g; 1.0 nmmole), 1-phenyl butyne (0.143 g; 1.1
nmol es) and tetrakis(triphenyl phosphi ne)plati num (0.037 g; 0.030 mmol es)
were placed in 15 a Schlenk tube undeg_an atnosphere of nitrogen. DVF (5

m., dried over 4A nol ecul ar sieve) was added under argon, and the tube was
heated at 70C with stirring for 86 hours. GC anal ysis showed a peak

OC/OO; ' e;gogggﬁ%[‘%gﬁbﬂqﬁgﬂ]@%% Sre&it ieRlontnBRE W 1iAUhY BEoRhnit RohpBl it es (81

(2)-2,3- bhﬁl@%aﬁdlﬁoﬁsirﬁltd’v@ﬂﬁ&lﬁ%ﬂbs&bf%uﬁ’m@ﬁk@x@ﬂmmwtal]cri’loyd ndZonorenealksts Me O
~Ove 25 M OB B-OM M O ~ Me Me Me Me 30 The pinacol ester of
di bor ont &rd Pl this regayd hﬁ@n@pd bpiontppmpoupdsmafa satieEaliipnon-gxicg; It alsq

mol es) and et akl84i [d RIEROLRDPRPAL RELRARN M n O3 Th: Q30 gD es)

wer e
5 may also be performed in relatively cheap solvents such as methanol and ethanol and, in

view of the improved control over the reaction steps, it is envisaged that it would be
possible to perform the reactions on an industrial scale. The process also allows the
linking of organic compounds which contain active hydrogen substituents without the need
to protect those substituents during the reaction.

10
The following Examples are provided to illustrate some preferred embodiments of the
invention. However, it is to be understood that the following description is not to

supersede the generality of the invention previously described.

15
EXAMPLES

Exampie 1
2-[(Z)-1,2-Diphenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethenyl}-4,4,5,5-

20 tetramethyl-1,3,2-dioxaborolane.

7\
O—B| IB—-O
Me-/ o O erMe
Ve
MeM WMMe
SMe Me M€

25

The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), diphenylacetylene (0.178 g; 1.0

mmoles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles) were placed in

a Schlenk tube open to the atmosphere. Toluene (5 mL, d-ied over 4A molecular sieve)
30 was added, and the open tube was heated at 80°C with stirring for 10 hours. GC analysis

showed a peak corresponding to the diboronic ester of diphenylacetylene at 17.0 minutes



y ' !,, f-"" y~J;i -35 placed in a Schlerth tube under an atnosphefé ¢fn 2003
nitrogen. DMF (5 nli, dried over 4A nol ecul ar sieve) was added under argon,
and the tube was heated at 80C with stirring for 18 hours. GC anal ysts
showed the presence of the product diboronic ester at 15.6 mnutes as the
princi pal product {98 % ). Potassium acetate (0.160 g, 1 6 mvl es) was

added under 5 argon. The tube was heated for a further 18 hours at 80C, and
gc anal ysis showed the presence of ond principal product at 1 | . O mnutes
( >90 %) corresponding to a nonoboronic ester arising from

hydr odebor ati on. Exanple 21 10

( E) - 4- PhemglthSpiintiphl Hrdiut etod &etogyihed wBh 2-dicoxfiburobanbotnt 3st@-(bud.&6-) 2- one.
(Z2)-4-Phenyl -4-(4,4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an- 2-yl ) - 3- but en- 2- one.
M M OO15 M O8 HHB-Op M2 M~ ~Me Me M Me Me The pinacol ester of
di boronic acid (0.254 g; 1.0 mmol e), 4-phenyl -3-butyne-2-one (0.150 20 g;
1.0 mmol e) and tetrakis{triphenyl phosphi ne)plati num (0.037 g; 0.030 muol es)
wer e pl aceth idanteaSohatwnkearudzeowtnoder anatabspsphefl witrofemaveogier. 10DMEr(,5 ni,
dried O\allster 4A Rr?iﬁl ecul ar si.eve) was added }lzmder ar gon, gﬁ?ﬂﬁt@he t ube was
heated at "SHECHH SRS PRFHY- F5LUIAD WY FrREAK 6 TERRNGaE 40 VPR oduct
IrmanbPrlOf"s%rn%ﬁﬁétﬁri@lﬁp%ﬂe @ig;ﬂé)ﬁgLgsﬁeégﬂiﬁip%nﬁé&tﬂlénegatnﬂﬂt%ﬁrﬁnés?é%e 25 30 -~
2-[ (E) - 1- ptmGypel phéucen- 1-yl ) -2-(~., 4,5, 5-tetranet hvl - 1, 3, 2-di oxaborol an- 2-y
| Yethenyl] 4,4,5,5-tetranethyl -1, 3, 2-di oxaborolane. HM ~ B B-0 ~Me Mo~~~
O/ \Me M M M~Me 10 The pinacol ester of diboronic acid (0.254 g; 1 0
mol e), 1mbhypy cycl ohexene (0.126 g, 1.2 nmol es) and

tetrakis(tri péenyl phosphi ne) pl ati num (0. 037 g; 0.030 mmol es) were placed in

a Schl elk 2t[(Be!l dfldighcrantetiadny shihSr eteafammittyt-o gerdiddwPorohnal, dried over 4A

nol ecul ar si.ev added under ar , d .the tube s heated, at. 80C with
Stirring POFSD AR e dranyer SR G 4 BT ot PapUal IG5 r e
product dirhaneni %2 8:8ho@land>- 2 15 mnutes (78 %) . Exanple 23

1-[(E}-1, 2-Bi's(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an- 2-yl ) et henyl ] cycl ohex

anol .
o = /\
J N\ /
O-8 H 0-8 B-O
_/ \ /

Me ] Me 0 O —Me
Me >\/ Me/ ¢ ﬁ Me

MeMe MeMe MeME

20 The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), diphenylacetylene (0.196 g, 1.1
mmoles), tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles) and potassium
acetate (0.196 g; 2.0 mmoles) were placed in a Schlenk tube under an atmosphere of
nitrogen. DMF (5 mL, dried over 4A molecular sieve) was added under argon, and the
tube was heated at 80°C with stirring for 5 hours. GC analysis showed product peaks

25 corresponding to cis-stilbene at 7.9 minutes (4 %), the monoboronic ester of
diphenylacetylene at 14 O minutes (47 %) and the diboronic ester of diphenylacetylene at
17.0 minutes (44 %). Heating for a further 69 hours at 80°C gave cis-stilbene (15%) and

the monoboronic ester (88%), at the expense of the diboronic ester (<2 %).

30



20 HOH M ~ BB-O~M Me'~-O O M Me Me Me Me 25 The pinacol ester, of,n, o
di boronic acid (0.254 g; 1.0 mmole), 1-ethynyl-cycl ohexan-1-of (0.”140"'g} 200
1.1 mol es) and tetrakis(triphenyl phosphine)plati num (0.037 g; 0.030

mmol es) were placed in a Schlenk tube under an atnosphere of nitrogen. DW
(5 nmL, dried over 4A nol ecul ar sieve) was added under argon, and the tube
was heated at 80C with stirring 30 for |20 hours. GC anal ysis showed a peak
correspondi ng to the product diboroniyg ester at 15 .6 mnutes (94 %)

"~ (1 f0 v %ifl I aC'J W-~7 Exanple 24

(E)-N, N-Di net hyl -2, 3-bis(4,4,5,5-tetranet hyl -1, 3, 2-di oxaborol an-2-yl)-2-pro
pen-l-amne. or NN[(E)-2,3-Bis(4,4,5,5-tetranethyl -1, 3, 2-di oxaborol an-2-y
1)-2-propenyl]-N, Ndi methylamme Me2N- HMe OB B-OOO~~ Ma M ~Me M Me
Me Me 10 The pinacol ester of diboronic acid (0.254 g; 1.0 mol e),

1- di et hyl am no- 2- propyne (0.095 g;-1.1 nmoi es) and

t et r aki s( txaphledyi phosphi ne) pl aunum (0. 037 g; 0.030 nmol es) were placed in

ot cout ar 242007 DEE R IRGEP S B Al PRl ool "o et et 80C with

stirring borzyB2imyhdyl-8¢ anabyaisnsanovies] 2atigedkrotarI-esahading 4t N5 the
product diboronic ester at | 5 10.8 mnutes (85 % ). Example 25

( E) - 3- Et hyytethy -2, p2-d{agaiporglage ¢ et r anet hyl - |

, 3, 2-di oxabor ol an-2-yl)-1-penten-3-am ne. or 20
(E)-1,1-Diethyl-2,3-bis(4,4,5,5-tetramet hyl -1, 3, 2-di oxabor ol an-2-yl)-2-prop
enyl ami neThéigNacdi/eker bt diboronB &8id30-299 £ IMe mmBoldfe diphedviadvlyidde (Ve Ok ; Thie

pi nacol ester of diboronic acid {0.254 g; 1.0 mmole))

3- am no- 3m@1q§§5|),_tgr.rg}@q;{frym@nxlghqsggmg),plail_ngmnﬁQd}?@Sg); O4}3§ mmoles) were placed 1n a
tetraki,s(tni,phen hi [ ; 0 ) I | aced in
" senl dnicRUBL IR s AL oEH Bk Plurchs Mty SR Eer °S0 ua
mol ecul ar sisv@ve) adbsl adeedregnderd s gos,wandatkhat 30fltewivastiaatfod2aho®0C wi th
stirring for 48 hours. GC analysis showed a peak corresponding to the

product dSornahists cestimpedgffectivélgguantitative formation of the diboronic ester (>98%).
Potassium acetate (0.196 g; 2.0 mmoles) was added, and heating was continued for a
further 69 hours at 80°C. Approximately 75% of the diboronic ester underwent

15 hydrodeboration to give the monoboronic ester.

Example 4
2-[(Z)-1,2-Diphenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethenyl}-4,4,5,5-tetra

methyl-1,3,2-dioxaborolane.

20
7 N\
O-—BI ;3—0
Me7/ O 0 2\—Me
Me 7 Me
Mepge Me Me
25

The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), diphenylacetylene (0.196 g; 1.1
mmoles) and tetrakis(triphenylphosphine)pailadium (0.035 g; 0.030 mmoles) were placed
in a Schlenk tube under an atmosphere of nitrogen. DMF (5 mL, dried over 4A molecular
sieve) was added under argon, and the tube was heated at 80°C with stirring for 20 hours.
30 GC analysis showed a peak corresponding to the diboronic ester of diphenylacetylene at

17.0 minutes as the principal product (>97%).



13 1 minutes (38%, and a nonoboronic ester at 7.6 minutes (60% .7 ExAifl &3
26 (E)-N, N-D (2-propynyl)-2, 3-bis(4,4,~ ~tetranethyl-1,
3, 2-d~oxabor ol an- 2-yl ) - 2-propen-|-anore 5 or

[{E)-2,3-Bis{4,4,5 5-tetranet hyl -1, 3, 2-di oxaborol an-2-yl ) -2-propenyl ]-N, N
-di (2-propyny()arrune. (HC _- -CCHZ)2N-- H10 M OB B-OM Me ~ "Me Me ME
Me Me The pinacol ester of diboronic acid (0.254 g; 1.0 mmol e),
tripropargylamne (0.144 g; 1.1 1 ~ | es) and

tetraki s(tri phenyl phosphi ne)plati num7(0.037 g; 0.030 mmvl es) were placed in
a Schl enk tube under an atnosphere of nitrogen. DMF {5 nL, dried over 4A
nol ecul ar sieve) was added under argon, and the tube was heated at 80C with
stirring for 424 hours. GC anal ysis showed a peak corresponding to the
product dgbpropic ester at 13.8 minutes (63 %. 20 Exanple 27

4,4,5, 5-Tetrahethyl -2-[3-{4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an- 2-yl ) bi cyc
| of 2. 2. 1] hd@t)- 223D ibhdnyd 224 di, DR ationwtimid., 3, RiceoMborBan-2-yl)eBeyd |-t , Mo-1Bra-, Mo
~Me Me~ 30 The pj hacol es%er of diboronic acid (0.254 g; 1.0 nmol e),

nor bor ny| B4 y?’é@l@ IQabYOWNGp| es) and tetrakis(triphenyl phosphi ne) pl ati num
(0.037 g; 0.030 nmml es) were placed in r~i y C nis 1117i1.1 -39 a

Schl enk tube under an atnosphere of nitrogen. DMF (5 rnL, dried over 4~,

nol ecul ar Thk¢ pinedol weisr afidiboronrdeid @rdpdrg; lahcmdie), difbenylacsttens @dl %t g;80C wrt h
stirring for 92 hours, and then at 1 00C for 73 r Si howed a
beak cor radiaannth P RERabBIRst e e et st I et 50 P2 Wndey. s
Exampl @ 2@ere placed in a Schlenk tube under an atmosphere of nitrogen. DMF (5 mL, dried over_
4,4,5,5-Tetranet hyl -2-[3-(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an- 2- yt) bi cyc
| o] 2. 2. 1] ¥ mol@&uidr]sidve) BaPaddecdxadroroganend IG Whewps heatesl atddf erwidf swhiringr on) ¢

acid ( ?0 Zf%? 99 ;hoﬁr's(.)(ﬁg ar%a%?s’ls 5?185\/? 5?)&'1?{‘0% gc'ml 1§g & thg 'dﬂ)oronic ester of

diphenylacetylene at 17.0 minutes (23 %)

Example 6
2-[(Z)-1,2-Diphenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethenyl}-4,4,5,5-tetra

15 methyl-1,3,2-dioxaborolane.

0-B B-O

!
Me-A O O_ J—Me
/NS
5 Me Me
20 Mepe Me Me

The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), diphenylacetylene (G.196 g; 1.1
mmoles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles) were placed in
a Schlenk tube under an atmosphere of nitrogen. THF (5 mL) was added under argon,

25 and the tube was heated at 80°C with stirring for 5 hours. GC analysis showed a peak
corresponding to the diboronic ester of diphenylacetylene at 17.0 minutes as the principal

product (>95%).

30



mmol es) -and tris(di benzylideneact one)di pal | adi um (0.027 g, 0.030 nmplesg)y snn3
were placed in a Schl enk tube under an atnosphere of nitrogen. DMF (5 nmli,
dried over 4A nol ecul ar sieve) was added under argon) and the tube was
heated at 80C with stirring for 92 hours. GC anal ysis shoved a peak
corresponding to the diboronic ester at 12.9 mnutes (8 %). 15 Exanple 29

4, 4-Di nmet hyl -3-(4,4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an- 2-yl } cycl ohexanone.

M "~ OM OB M OM MM The pinaggl ester of diboronre acid (0.254 g;

1.0 mol e), 4, 4-dinethyl-2-cycl ohexen-1 25 one (0.137 g; 1.1 nmol es) and

bi s{benzyl i deneacet one) pl ati num (0. 020 g; 0.030 rnnoles) were placed in a
Schl enk tgbe nder an at nosphere of nitrogen. Toluene (5 nlL, dried over 4A
nolecular-%?%@%ﬁ-mas added under argon, and the tube was heated at 70C with

stirring borz)lr2hwgnsy -8 amb ysiameslhyowsd -aidxaakrotor2-¢5anaging 4135 1dra%
conversion to the borontc ester of 4,4-dinmethyl-2-cycl ohexen-1-one at 9.8
m nut es. ®Ethyl-1,3,2dioxgheipsne 30

4- Phenyl -4- (4, 4,5,5-tetramet hyl -1, 3, 2- dt oxabor ol an- 2-yl ) - 2- but anone. -\ .\
/ Ma OOB M OM M M 10 The ptnacol ester of diborontc acid (0.254 g;

1. 0 nmolkeThe tdadfsir despitgsayih Fabpleewd- canged OutlBigdiiodand (Frail)es kheadvent
b|s(benzyltdeneacetonﬂ)plattnun1 (0.020 g; 0.030 nmol es) were placed tn a
Schl enl : ~ tumeceyi i F ad ha diesqsresséer of diphensdefshy oy tfeihe PISCcippl prgdicsd over 4A
nmol ecul ar sb§¥$) was added under argon, and the tube was heated at 70C with
stlrrlng hours. GC anal ysis showed the boronic ester of
traps-4- phenyl - 3-buten-2-one at 10.6 15 mnutes ( > 95 % as the principal
product Exanple 31

4- Pheny| -Bxampla 85 '5_t et r amet hyl - 1, 3, 2- di oxabor ol an- 2-yl ) - 2- but anone.

10 2-[(Z)-1.2-Diphenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-ylethenyl]-4,4,5,5-tetra

methyl-1,3,2-dioxaborolane.

The reaction described in Example 6 was carried out using dichloromethane (5 mL) as the
solvent in place of THF. The reaction was allowed to proceed at 80°C for 22 hours. The

15 diboronic ester of diphenylacetylene was the principal product (>95%).

Example 9
2-[(Z)-1,2-Diphenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethenyl]-4,4,5,5-tetra

methyl-1,3,2-dioxaborolane.

The reaction described in Example 6 was carried out using toluene (5 mL, dried over 4A
molecular sieve) as the solvent 1n place of THF. The diboronic ester of diphenylacetylene

was the principal product (>95%).

25 Example 10
2-[(2)-1,2-Diphenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethenyl]-4,4,5,5-tetra

methyl-1,3,2-dioxaborolane.

The reaction described in Example 6 was carried out using acetonitrile (5 mL, dried over
30 4A molecular sieve) as the solvent 1n place of THF. After 1.5 hours reaction time, the

diboronic ester of diphenylacetylene was the principal product (>95%).



20 The ptnacol ester of diboronic acid (0.254 g; 1.0 nmole),
traps-4- phenyl - 3- but en-2-one (0.161 g; 1.1 mmol es) and
tetraki s{tri phenyl phosphi ne)pl ati num (0.037 g; 0.030 tnnoles) were placed
in a Schlenk tube under an atnosphere of nitrogen. DMF (5 nlL) dried over 4A
nol ecul ar sieve) was added under argon, and the tube was heated at 80C with
stirring for 18 hours. GC analysis showed a peak corresponding to the
boronic ester of traps-4 25 phenyﬁgs but en-2-one at 10.6 mnutes ( > 95 %

as the principal product. 30 ~ o~ i~ 1"1~ -4l Exanpl e 32
2-[(2)-1, 2- bi phenyl - 2- (4, 4,5,5-tetrarrethy| 1, 3, 2- di oxabor oi an- 2-yl ) et henyl ]
-4,4,5,5-tetra methyl- | |3, 2-dioxaboro|ane 50BBOM~/00 ~ M M

M-Me @ 110 The pi nacol ester of di boronl c.ac 4@.5.13-@ramol e) ,
d~ phe@lﬁ%ene (0 6 Qsrerlamdthyind Bg¥io %ARgrol 311591)(9&3’2"5]4
bi s(di bgrzyl Qd@nb@bé?dﬁé‘)pratwm (0.020 g; 0.030 nmol es) were placed in a
Schienl: tube g ab%l@t:rmsphere of nitrogen. Toluene (5 nL, dried over 4A
mol eculraath e%/‘) was added under argon, and the tube was heated at 70C with
stirring for 88 hours. 15 GC anal ysis showed the?%?&% (g%etstmdmdﬂmg to the
di boront ester of di phen mgg;gl\e@a:aamedl quisERAl 25 %) and % peak at
16. 8 gnnwxeact(odnsie%” B s shown ? ga esogglq:)tst@pmrﬁﬁtt) &e pase ?‘n |sorrer
of the diboronic estess t@é scdvq:)hgny‘laé%% w he. ?T,tl% 0 hours.
2-[(2) -AAPUMY AT -4- (4,4, 5, 5-t et %ngtomeh-td,pmcz BPANSS: yI) “2-but en
yl1 4, 4,2, &qhmﬂmuwml @ef'afﬁldlxa ol ane Mﬁ MeM dy? @all'pBBO25
Me~~ Me Me Me Th ﬁx%‘% En&%ﬁme@fm@mpﬁbﬁ”{i ¢ (0.254 g 1 0
mml e), d%omxhyﬂteflofél‘g‘gil ene {0.120 g; 1.5 nmol es) and
tetraki s(triphenyl phosphi ne} pl ati num Q. 037 g; 0.030 mmvl es) were 30 pl aced
in a Schlenh tube under an atnosphere of nitrogen. Toluene (5 nL,, dried
over lggular sieve) was added under argon, and, dvbet wass-teeat ed at
70C Wl @Fﬁ@ﬂ%g for 4455 tetramethyl-1, 3.2- dloxaborof’%n—% §1i)1(§h d*ﬂl

9 {(Z) 1 7 Dmhcnyl 2"( 3 s

methyl-1,3 ,2-d10xaborolane.
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6 was carried out using acetone (5 mL) as the s
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20 methyl-1,3 ,2-dioxaborolane,
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~ 't~ ?"3 0 I-t, Is ~y - 42 63 hours. GC analysis shomedhﬁ/péaqu
correspondna to the dtboronlc ester of 2-nethyl 1, 3-pentadi ene at 10.

m nutes as the principal product ( 12 % conversion). Exanple 34 5

4,4,5 5-Tetranmethyl -2-[4-(4,4,5,5-tetranet hyl -1, 3, 2-di oxaborol an-2-yl)-2-cy
cl ohexen-1-yl] -1, 3, 2-di oxaborolane. MM M| O %v 10 M@ ~ - ~Me Me The
pi nacol ester of diboronic acid (0.254 g; 1.0 nmole), 1, 3-cycl ohexadi ene
(0.120 g; 1.5 mmol es) and tetrakis(tsiphenyl phosphine)plati num (0.037 g;
0.030 mml es) were placed in a Schlenh tube under an atnosphere of

nitrogen. Toluene (5 nlL, dried over 4A 15 nol ecul ar sieve) was added under

ar gon, angydhdien lf@,@,ﬁ’}@iethﬁﬁf@ﬂﬂ—laj 2T WbiolnSt i F7ing for 63 hours. GC

anal ysi s showe roduct peaks, at 11.5 mnutes (3 % and 11.7 minutes
(82% . Th2{{Es3Z shéldtyﬂd Bhipbenyery(4 i, histerarfiethynie Ail2ad ipxabopaen-arviis ) 3dweda t he

nol ecul ar e consj ste Mth the formation of two di boronic esters
of cycl oh‘é‘ﬁ%ﬁigé glsr{‘é %l!‘y%}a%r OX;?EOFOIEIH

4,4,5, 5-Tetranmet hyl -2-[4-(4, 4,5, 5-tetranet hyl -1, 3, 2-di oxaborol an-2-yl)-2-cy

cl ohexen-1-yl] -1, 3, 2-di oxaborol ane. The pi nacol ester of diboronic acid

(0.254 §; 1.0 Mo , 1,3-cycl ohexadi ene (0.120 g; 25 1.5 nmoles) and

bi s(di benzyl i deng 'one)platlnun1(0 020 dfle 0. 030 M es) were placed in a
3 at nrosphere of nitr -OTol =R 15 m., drled aver 4A

mol ecul ar si eve) Was nder argon, and th@ be ﬁﬁ@”ﬁea at 50C with

; .5 (5 %) and
11.7 m nutes (84(%5 as grcexanpl e 34) tog\éeh?;rB ' at "'f4 3 minutes
correspondin o/t 1, A-di ic ester 30 o €
pondi ngu{ o/t hey 1, 4- Mwen BRI ;t
e

10 Me e Me Me
The pinacol ester of diboronic actd (0.254 g; 1.0 mmole), 1-phenylbutyne (0.143 g; 1.1
mmoles) and bis(dibenzylideneacetone)platinum Pt(dba), (0.020 g; 0.030 mmoles) were
placed in a Schlenk tube under an atmosphere of nitrogen. Toluene (5 mL, dried over 4A

15 molecular sieve) was added under argon, and the tube was heated at 70°C with stirring for
63 hours. GC analysis showed the peak corresponding to the diboronic ester of 1-
phenylbutyne at 14.2 minutes (53 %), and a peak at 13.8 minutes (8 %), which is shown by
mass spectrometry to be an isomeric form of the diboronic ester of 1-phenylbutyne. There
was also a peak at 17.8 minutes (25%), corresponding to the coupling of two

20 monoboronate esters.

Example 15
4,4,5,5-Tetramethyl-2-[(Z)-1-phenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y!)-1-but
enyl]-1,3,2-dioxaborolane.

25 =
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Me N, Me

Mepe MeMe
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The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), 1-phenyl-1-butyne (0.143 g; 1.1




i, 1 ~1iJn" Exam-le 36 24 APR2na3
4,4,5, 5-Tetranmet hyl -2-[(2) - 1- phenyl -2-(4,4,5,5-tetranet hyl -1, 3, 2-di oxaboro
an-2-yl)-1-but enyl]-1, 3, 2-di oxaborolane. 5 M OB B-O M~O O-Me Me/ MeNl e
M-e Me a 10 The pm~col ester of diboronic acid (0.254 g; 1.0 tnnole),

1- phenyl butyne (0 143 g; 1.1 mmol es) and bi s(di benzyl i deneacet one) pl ati num
(0 020 g; 0.030 nmol es) were placed ma Schlenl: tube under an at nosphere
of nitrogen. Toluene (5 nL) dried oves 4A nol ecul ar sieve) was added under
argon, and the tube was heated at 70C with stirring for 63 hours. 15 GC
anal ysis showed a peak corresponding to the diboronic ester of

1- phenyl but 13.8
m nut es ( Olesei\ﬁﬁdL[rﬁ/glémslﬁ%vvﬁﬁjg&%ﬁme l%t ngc Erd(;ﬁje’/tgw(s@@ eOQ% |“§g la (Slfmt he

di bor oni ¢, s&iek @be dpdn@nid Qbﬂo}([m%re Exammluee( 53171L20rled over 4A molecular s1eve)
(2)-1, 5- b|ph§£%I-5 (4,4,5,5-tetranethyl -1, 3, 2- dloxaborolan 2ﬁ¥ pent en- 3
_one. feandth@opqy mbe waghopka amSHadenfegttrémg o1 Hhepse o Qarspéysers (0. 254

b1 st berdyPEAENsAL BEEHESRPAC AT RRRe G lerty ol ieeEhe AP sriken 5o i

a Schlem&muu@pnuagﬂqnamma(ﬁps%mere of nitrogen. Toluene (5 nL, dned over 4A
nol ecul ar sieve) was added under argon, and the tube was heated at 50C with
stirring for

‘An identical reaction mixture that was run under an atmosphere of nitrogen gave, after 2
hours, unreacted starting material, together with a peak corresponding to 50% conversion
of starting material to the diboronic ester of 1-phenyl-1-butyne at 14.2 minutes as the

10 principal product.

Example 16
2-[(Z)-1-Ethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-butenyl]-4,4,5,5-tetramet
hyl-1,2-oxaborolan-3-ol.

15 2-[(Z)-1-Ethyl-1-butenyl}-4,4,5,5-tetramethyl-1,2-oxaborolan-3-ol.

Me»—>_<—Me Me —MMe

— —B
M O—B\ /B @] o Me\o b H
O O M
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The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), 3-hexyne (0.094 g; 1.1 mmoles)
and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles) were placed in a

25 Schienk tube under an atmosphere of nitrogen. DMF (5 mL, dried over 4A molecular
sieve) was added under argon, and the tube was heated at 80°C with stirring for 3.3 hours.
GC analysis showed the presence of the product diboronic ester at 10.9 minutes as the
principal product (>98%). Potassium carbonate (0.200 g, 2.0 mmoles) was added under
argon. The tube was heated for a further 66 hours at 80°C, and gc analysis showed the

30 presence of unchanged diboronic ester at (30%) and the monoboronic ester at 3.7 minutes

(66%) arising from monohydrodeboration of the diboronic ester.



,, ~. -44 15 hours GC anal ysis showed a peak correspondtna to the-poyggh%n
ester of dibenzylideneacetone at 18.2 mnutes (68% . Exanple 38 5)' RS
(2) -1, 5-bi phenyl -5-(4, 4,5,5-tetranet hyl -1, 3, 2- dt oxaborol an-2-yl)-1-penten-3
-one. The pinacol ester of diboronic acid (0.254 g; 1.0 nmole),

di benzyli deneacetone {0.257 g; 1. | mmles) and

tetraki s(tri phenyl phosphi ne)pl ati num (0.037 g; 0.030 nmoles) were placed in
a Schlenk tube under an atnosphere of,.nitrogen. Toluene (5 ni, dried over
4A 10 nol ecul ar sieve) was added under "argon, and the tube was heated at
80Cwith stirring for 15 hours. GC anal ysis showed the presence of a peak
correspondi ng to the boronic ester of dibenzylideneacetone at |8.2 m nutes
(30% conv@%ﬂ@l@l— Exanpl e 39 15

3- Phenyl - 4, h ai bp ; Nb Ve
i 00 verd B SR A T st s R SR 2Ry B3 o))
trans- ci ndasxabetetayide (0 145 g; 1.1 nmmol es) and

bi s{ di benzyl i deneacet one) pl ati num (0. 020 g; 0.030 nmmoles) were placed in a
Schl enl : tube under an at nospher en. Toluene (5 nL, dried over 4A

25 nol ecul ar si eve) was added under “and the tube was heated at 50C
with stirring for 15 hours. GC ahal ¥si s _h wed a peak corresponding to the
boronic ester of trans cinnanal dehy§e at 10.1 minutes (37%. 30 o
"~ ~" 1 ~); ~~ Exanple 40
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10
The neopentyl ester of diboronic acid (0.226 g; 1.0 mmole), diphenylacetylene (0.196 g;
1.1 mmoles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles) were
placed in a Schlenk tube under an atmosphere of nitrogen. DMF (5 mL, dried over 4A
molecular sieve) was added under argon, and the tube was heated at 100°C with stirring
15 for 72 hours. GC analysis showed peaks corresponding to the diboronic ester of
diphenylacetylene at 18.2 minutes (91 %), and the monoboronic ester at 15.0 minutes (7%)

as the principal products.

Example 18
20 2-[(Z)-2-(5,5-Dimethyl-1,3,2-dioxaborinan-2-yl)--ethyl-1-butenyl]-5,5-dimethyl-1,3,2-dio

xaborinane.
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The neopentyl ester of diboronic acid (0.226 g; 1.0 mmole), 3-hexyne (0.094 g; 1.1
mmoles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles) were placed in
30 a Schlenk tube under an atmosphere of nitrogen. DMF (5 mL, dried over 4A molecular

sieve) was added under argon, and the tube was heated at 100°C with stirring for 4 hours.



3-Pheny|-3-(4,4,5,5-tetranethy|-1,3,2-dioxaborolan-2-y|)propanal/fﬂf)R 2003
pi nacol ester of diboront acid (0.254 g; 1, 0 nmole), trans-ctnnamal dehyde
(0.14 g; 5 1. | nmoles) and tetrakis(triphenyl phosph~~; ~)pl ati num (0. 037 g;
0. 030 mml es) were placed in a Schl enh tube under an atnosphere of

ni trogen. Toluene (5 nlL, dried over 4A nol ecul ar sieve) was added under
argon, and the tube was heated at 80C with stirring for 15 hours. GC

anal ysis showed the presence of a pegk.corresponding to the boronic ester
of trans-ctnnamal dehyde at 10.1 mnutes (12 % . 10 Exanple 41

4,4,5 5-Tetranethyl -2-[8-(4,4,5,5-tetranet hyl -1, 3, 2-di oxaboroi an-2-yl)-2, 4,

6- cycl ooctkat f L en-t=Vl] s r.ol ) 5

4,45, o rarrnafR o ik G AR horope oy g Sk iR y1 2, 4
7- cycl oochatutds (3&6%gn- 1-yl ] -1, 3, 2-di oxabor ol ane. Me Me MeMe Me~O O-Me
Me\p-BB-p M 20 M@ MMp/ ~p M BB M~p ~p M M M The pinacol ester
of diboronic acid (0.254 g; 1.0 nmole), 1,3,5,7-cyclooctatetraene (0.114 g;
1.1 nmol et raki s(tri phenyl phosphi ne) pl ati num (0. 037 g; 0.030
ntnoles)egiﬁ % %ced in a Schlenk tube under an at nosphere of nitrogen.

Tol uenes (B[(@)-2-(dr5-Bindbylol &2 -ddxabotienid-gh)- Spieang)- 1 wasengj defl dunetayl- B8 god, and
the tube was heated at 50C with stirring for 15 hours. GC anal ysis shoved
peaks cor'P¥Y9HA#MNg to a di boronic ester of 1,3,5,7-cycloctatetraene at

| 4.2 m nutes (5 % conversion) and npound at 19.4 minutes (7 %
conversion) having a nol ecul ar nas grresponding to a di borontc ester of
two coupl ed cycl octatetraene ringss—30 ~—Mé&c. i; ;~~ii ,| -46 Exanple 42
4,4,5, 5-Tetranmet hyl -2-[8-(4, 4,5, 5-t et hag®t hyl -1, 3, 2- dj oxabor ol an-2-yl ) -4-cy
cl oocten-1-yl] -1, 3, 2-di oxaborol ang. g5 MegyBy~B-~ M Me 0 O-~Me Mo M

Mej ~Me; L0 The pi nacol ester of diboronjc~acid (0.254 g; 1.0 nmole),
|,5-octadtene (0.120 g; I, | mmol¥gs)- ndQ\is i benzyl i deneacet one) pl att num
(0.020 g; 0.030 nmoles) were p in a t ube under an at nosphere
of nitrogen. Toluene (5 nmi, driednwer 4A ul ar sieve) was added under
argon, and the tube was heated at 50C with stirring for 22 hours, and then

at - 80C Wiyl 3bdfi kel OF iBorloHIRS Qe |PU! § rurFe18hR PoRPRIRA 4370 opaks

mmoles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles) were placed in

15 a Schlenk tube under an atmosphere of nitrogen. DMF (5§ mL, dried over 4A molecular
sieve) was added under argon, and the tube was heated at 70°C with stirring for 86 hours.
GC analysis showed a peak corresponding to the diboronic ester of 1-phenyl butyne at
15.7 minutes (81%).

20 Example 20
Methyl (Z)-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-nonenoate.

Me

O
%“—CHWe

25
Me O“‘B\O O/B—O e
Me:>4><j f7<><%We
Me Me Me Me

30 The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), methyl-2-nonynoate (0.185 g;

1.1 mmoles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles) were



15 13 .4 mnutes (52 % and 13.5 ninutes (8.5 %), having very sififflaf 2603
fragnentation patterns, and nol ecul ar nasses consi stent with dtboronic
esters of 1,5-octadi ene. Exanple 43

4,4,5 5-Tetranmethyl -2-[19-(4,4,5,5-tetranet hyl -1, 3, ?-di oxaborol an-2-yl )tricy
clo[5.2.1.02,b 20 ]dec-3-en-8-yl]-1I, 3, 2-di oxaborol ane.

4,4,5 5-Tetranmethyl -2-[3-(4,4,5,5-tetranet hyl -1, 3, 2-di oxaborol an-2-yl }tricy
clo[5.2.1.02,6 ]dec-8-en-4-yl]-1, 3, 2rdi oxaborolane. 0 M Me 25 g/ \0 Ma a
oM ~Me M M Me Me M M O- M BSMpgpMM30 ~~1(-~r.;Is
(~I~i~ _47_ The ptnacol ester of diboronc acrd (0 254 g; 1.0 mvol e},

dt cycl opent adi.en 0.14 1.1 | es n . ) :

bi s( di beﬁé@%?&éﬁggg%%fﬁ%g 4 2 5%@%@%@%6&8“% 2y drigd 841 *ed in a
Schl enk tyhecdides cpvadidies Rh&s: &r@fn, Ahd FRAEPe whohetdreat (80 ° Ol iiddirady @er 4A
mol ecul ar sieve) was added under argon, and the tube was heated at 50C with
sti rri ng 18dwuls7 owradysisshomed Higl prejescs pioihe @redusedikomaicrasty-at 14pmginetes a

di boroni ¢c_ester of , di cycl gpent adj ene_at_| 5. nut 509 t oget.her, with a
oair o psdRein BN ORET Bobfn Neh iR R  Fomi e bl BB ARl " o
two nmorpoRygmo dekansd vadhdkcadbde b Surtiex a8 MoRrsd#t 808C, and gc analysis showed the
4,4,5,5-Tetranet hyl - 2- (4-met hyl cycl ohexyl } -1, 3, 2-dt oxaborol ane. and

4, 4,5, 5- Peaseaaeeali9pe pOn¢igalmsediet atyldl @ FERYES (2 9872 carespandnsiiampe. Me 15 Me ~

Me Mehe monoboronic ester arising from hydrodeboration.

Example 21
10 (E)-4-Phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-buten-2-one.
(Z)-4-Phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3-buten-2-one.

/ % Me
Me 0
0 —

15 = OB H

H B-0 Me 5
o Me Me
Me Me Me
Me Me

The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), 4-phenyl-3-butyne-2-one (0.150
20 g; 1.0 mmole) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles) were
placed in a Schlenk tube under an atmosphere of nitrogen. DMF (5 mL, dried over 4A
molecular sieve) was added under argon, and the tube was heated at 80°C with stirring for
42 hours. GC analysis showed the product monoboronic esters at 11.5 minutes (11%) and
11.9 minutes (23 %).
25

30



20 M M M Me Me The pinacol ester of diboronic acid (0.254 g; 1.0 nﬂD|€2,
4- et hyl - cycl ohexene (0. | 10 g; 1.2 mol es} and YA RN
bi s(di benzyl i deneacet one) pl ati num (0. 020 g; 0.030 mmvl es) were placed in a
Schl enk tube under an atnosphere of nitrogen. Toluene (5 nL, dried over 4A
nol ecul ar sieve) was added under argon, and the tube was heated at 80C with
stirring for 25 232 hours. GC anal ysis showed a pair of peaks at 7.0
mnutes (9 %9 and 10 m nutes (5 9@,'55Tresponding to two

nonohydr odebor ati on products. 30 ~ '~ 1 1?(?3 Exanpl e 45

4,4,5 5-Tetranmethyl -2-[(E}-2-{4, 4,5, 5-tetranet hyl -1, 3, 2-di oxaborol an-2-yl ) -
1- oct en- Exgymyple 42 1, 3, 2- di oxabor ol ane.

4,4,5, 5-Tetra | -2-1 (1 )-2,7,.8-1tns(4, 4 5, 5-tetranethyl -1, 3, 2-di oxabor
of an- 2y B S5t b P a2 2o A ORaDel b A A R NN e O
OB-OM u,c!\/?,sptéﬁamemzlﬂl,w?z-%ﬁbdﬁ)l%‘e.'VE‘ g\~ M M-Tp ~, p~/-Me Me p_B " ~~
gp M Me-r O D~LMe r-B M Me M H~~~-M M The pinacol ester of

di boront acid (0.254 g; 1.0 , | ,7-octadiyne (0.152 g; 1.4 mol es)
and tetrakis(triphenyl phosphin )py tinum (0.037 g; 0.030 mml es) were

pl aced”in a Schl enk tube under at nbsphere of nitrogen. DVF (5 nL, dried
over 4A nol ecul ar 10 sieve) was a under argon, and the tube was heated
at 80C with stirring for 14 how-s8 GCBawmal ysis showed a peak at 13.2
minutes {71 % correspondi nlfetd the o boreMec ester of 1,7-octadiyne, and a

peal : at 20.3 minutes (24% Mgorr spondyng M& the tetraboronic ester of
Me Me Me Me

10 The pinacol ester of diboronic acid (0.254 g; 1 O mmole), 1-ethynyicyclohexene (0.126 g,
1.2 mmoles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles) were
placed in a Schlenk tube under an atmosphere of nitrogen. DMF (5 mL, dried over 4A
molecular sieve) was added under argon, and the tube was heated at 80°C with stirring for
50 hours. GC analysis showed a peak corresponding to the product diboronic ester at 15.2

15 minutes (78 %).

Example 23
1-[(E)-1,2-Bis(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-yl)ethenyljcyclohexanol.

20
HO __H
O—B B—O
M
o/ b 4. e
Me Me
Me Me Me Me
25

The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), 1-ethynyl-cyclohexan-1-ol
(0.140 g; 1.1 mmoles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles)
were placed in a Schlenk tube under an atmosphere of nitrogen. DMF (5 mL, dried over
4A molecular sieve) was added under argon, and the tube was heated at 80°C with stirring
30 for 120 hours. GC analysis showed a peak corresponding to the product diboronic ester at

15.6 minutes (94%).



1, 7-octadi yne. 15 Exanple 46 4,4,5,5-Tetranet hyl-2-[{E)-2-(4,4,
5 5-tetranethyl -1, 3,2-dioxaborolan-2-yl)-1-octen- 7-ynyl

]-1, 3, 2-di oxabor ol ane.

4,4,5 5-Tetranmethyl -2-[ (I E, 7E)-2,7,8-tris(4,4,5,5-tetranethyl -1, 3, 2-di oxabo
rolan-2-yl)-1, 7-octadienyl]-1, 3, 2-di oxaborol ane. 20 The pi nacol ester of

di boronic acid (0.254 g; 1.0 mmole), 1,7-octadiyne (0.055 g; 0.52 mol es)
and tetrakls(trlphenylphosphlne)plauzgun1(0.037 g; 0.030 nmol es) were
placed in a Schlenk tube under an at’fosphere of nitrogen. DMF (5 nL) dried
over 4A nol ecul ar sieve) was added under argon, and the tube was heated at
80C with stirring for 14 hours. 25 GC anal ysis showed a peak at |3.2

2L KPR 2003

m nut es £34 rrespondi ng to the di boront ester of YIL I, ™ | [s
LD e r;hm%mgrci a@jsunes, gaa?lqm@mgela#z@toxmr&anm nlst@%opem atfink.
correspon ing to the tetraboront ester of , 7-octadtyne. Exanple 47 5

2-[{2)-1oButyl -2-(4,4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an-2-yl)-1-octen-3-yn
yl]-4,4, §,/Bnte 2 4lb -di ,

2-1(12, 3 )[?n‘l')_ B'{thB{S?@S gﬂrra}nretﬁ}él 14949?@%9{%n?2;ﬁé2 pg/olpex}yl] -N,N-dimethylamine

, 3, 2- dﬁoxaborolan 2-yl)-1, 3- oqmgm~ yl]l H

-4,4,5,5-tetranet hyl -1, 3, 2- di oxabor oy

~M O BB-OM 15 M M MM M s Me Me~,~ ~OO-M OB B-O Me- "~

-..Me OB B-O Me~O O-Me Me/ Me ~I\/bﬁ\/b\T pi nacol ester of diborontc

T ; h\ﬂ
acid (0.254 g; 1.0 mole), 5,7 @ad@mgso g; 1.5

10 M M M M M j~ M M ~0O0

10 The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), 1-dimethylamino-2-propyne
(0.095 g;-1.1 mmoles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles)
were placed in a Schlenk tube under an atmosphere of nitrogen. DMF (5 mL, dried over
4A molecular sieve) was added under argon, and the tube was heated at 80°C with stirring
for 48 hours. GC analysis showed a peak corresponding to the product diboronic ester at

15 10.8 minutes (85%).

Example 25
(E)-3-Ethyl-1,2-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 1-penten-3-amine.
or

20 (E)-1,1-Diethyl-2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-propenylamine.

Et

HQNAgiH

. 0 O
Me__ b O/ Me
Me Me
25 Me

Me Me Me

The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), 3-amino-3-ethyl-1-pentyne

(0.135 g; 1.2 mmoiles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles)

were placed in a Schlenk tube under an atmosphere of nitrogen. DMF (5 mL, dried over
30 4A molecular sieve) was added under argon, and the tube was heated at 80°C with stirring

for 48 hours. GC analysis showed a peak corresponding to the product diboronic ester at



mmol es) and tetraki s(triphenyl phosphine)pl atinum (0.037 g; 0.030 pmol:es) -
Qvere placed in a Schlenk tube under an atnosphere of nitrogen DVF (5° nL,
dried over 4A nol ecul ar 20 sieve) was added under argon) and the tube was
heated at 80C with stirring for 14 hours. GC anal ysis showed a peak
corresponding to unreacted starting material (25 %), a peak at 15.5

m nutes {729 corresponding to the diboronic ester of 5,7-dodecadiyne, and
a peak at 17.4 mnutes (2% correquﬂplng to the tetraboronic ester of

5, 7- dodecadi yne. 25 30 711, ~=~~  ~i >i 1L -J0 Exanpl e 48

2-[(2)-1-Butyl-2-(4,4,5, ~-tetranethy| 1, 3, 2- d~oxabor ol an- 2-yl )-1-octen-3-yn

yl]-4,4,5,5-tetra | 1 d~oxabor oi an and 5

2-1(12, 3%5 ] Hw?{@g% %‘dt%@@ﬁ‘)b@r@‘%egt[%rﬁl?n%?ﬁ%tgsl(,égf@'- di oxabor ol an-2-yl)-1
,3-octadienyl]-4,4,55-t etranmethyl- | , 3, 2-di oxaborol ane. The pi nacol
ester of diboronic acid {0.254 g; 1.0 mmole), 5, 7-dodecadiyne (0.080 g;

0. 49 molxampintb t et raki s(trt phenyl phospht ne) pl ati num (0. 037 g; 0.030

oW (5 it PR Bei S ar@aal i certbi VRS B AREr PaPgsh o Che

tube wasoheated at 80C with stirring for 14 hours. GC analysis showed a
peak at |5.5 mnutes (4 %) corresponding to the di borqnic ester o

5, 7- dodedaldElhé; B3 ‘f}éa&wmaﬂ i dzPXﬁl?%fejifb%Y’é@ﬁﬁ/evf“ydbﬁ?‘gg%waw@”%“et he
tetraboronic ester of 5,7-dodecadi yne. 15 Exanple 49

4, 4,5, 5-Tetranmet hyl - 2-[ (E) - 3- phenyl - 2- propenyl ] - 1, 3, 2- di oxabor ol ane. O Me 1
20/ O Me Me Me The pinacol, ester, of, di boronjc aC|d {0.254 g; 1.0 nmol e),
trans-ci nnanyl acetate (0.1 8“&31*282%01 es)qﬁ

tris(di benzylideneacetone)di pal |l adi um (0 g; 0.030 mmoi es) were 25
placedyn a Schl enk tube under an atnoO erelb%Onltrogen Met hanol (5 ni,
dried over 4A nol ecul ar sieve) wade dedbugggr arghte and the tube was
heated at 50C with stirring for Ggefio | ygles showed a peak
corresponding to the boronic ester pgduct ﬁh ' Qpe2 M nutes (60%
conversion), as the sole product. © €

The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), tripropargylamne (0.144 g; 1.1
mmoles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles) were placed in
a Schlenk tube under an atmosphere of nitrogen. DMF (5 mL, dried over 4A molecular
sieve) was added under argon, and the tube was heated at 80°C with stirring for 424
hours. GC analysis showed a peak corresponding to the product diboronic ester at 13.8
minutes (63%).
20
Example 27
4,4,5,5-Tetramethyl-2-[3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)bicyclo[2.2.1]hept-
2-yl]-1,3,2-dioxaborolane.

O MiMe
25 l&\/
\ S
Me
/\Me
B O\/Me

30 The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), norbornylene (0.188 g; 2.0

mmoles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles) were placed in



30 ~n D-? ~~——— ri ~~1i 1 Li) ~~-51 >Jxanple 50 2-[(2)-2-f4if" 2003
I, 3, 2- Benzod~oxabor m- 2-yl ) -1, 2-di phenyl et henyi ] -4H 1, 3, 2- benzodi oxabor
mne. Ph Ph 5 O8~8~0 0 0 1 ' The 2-hydroxybenzyl al cohol ester of

di boronic acid {0.2b6 g; 1.0 mmol e), diphenyl acetylene (0.176 g; 0.99
mol e) and tetral;is(triphenyl phosphine)platinum{0.037 10 g; 0.030 nmol e)
were placed in a Schlenh tube open to the atnosphere. Toluene (5 nL, dried
over 4A nol ecul ar sieve) was added,.#and the seal ed tube was heated at 80C
with stirring for 72 hours. GC anal ysis showed the correspondi ng di boronic
ester of di phenyl acetylene to have fornmed. 15 Exanple 51

2-1(2) -1, 2z ki ph -2- -torimethyl-1.3 [ bor.i = 2 1]1-4,4
ot methy i b et b ftbler T8 Bfopch. Sl P\ S IR ERT R

2- met hyl -sZavéy papbédeadinatr £géennotheditbotanheracii®0¢ 0. \286stgrind f& Jominduey,,

di phenyl acetylene (0.177 g; 1.0 _nunole) and

t et raki s(%“F‘itéﬁteﬁyhob%éﬁﬁh@)“ﬁ-a@prﬂﬁ‘ﬁﬂb’éﬁ.sb%‘ge@@ Ryak 6OBFPORHHBIRYCver e pl aced
in a Schlcﬁgmohl{dt%gtepgpﬁg%dﬁlngsn(g;?%p_here. Tol uene {5 nL, dried over 4A

nmol ecul ar "S1 eve) vas adde seal ed tube was heated at 80C with
stirring for 72 hours. GC anal ysis showed the correspondi ng di boronic ester
of di phené/l acetgl ene to have forned. 30

xample 28

4,4,5,5-Tetramethyl-2-[3-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)bicyclo[2.2.1]hept-
2-y1]-1,3,2-dioxaborolane.

10 The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), norbornylene (0.188 g; 2.0
mmoles) and tris(dibenzylideneactone)dipalladium (0.027 g, 0.030 mmoles) were placed in
a Schlenk tube under an atmosphere of nitrogen. DMF (5 mL, dried over 4A molecular
sieve) was added under argon, and the tube was heated at 80°C with stirring for 92 hours.
GC analysis showed a peak corresponding to the diboronic ester at 12.9 minutes (8%).

15

Example 29
4,4-Dimethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)cyclohexanone.

Me
\—O
Me ; /—
20 0-B
Me&\o
Me

MeMe

The pinacol ester of diborenic acid (0.254 g; 1.0 mmole), 4,4-dimethyl-2-cyclohexen-1-
25 one (0.137 g; 1.1 mmoles) and bis(benzylideneacetone)platinum (0.020 g; 0.030 mmoles)
were placed in a Schlenk tube under an atmosphere of nitrogen. Toluene (5 mL, dried
over 4A molecular sieve) was added under argon, and the tube was heated at 70°C with
stirring for 17 hours. GC analysis showed a peak corresponding to 15% conversion to the

boronic ester of 4,4-dimethyl-2-cyclohexen-1-one at 9.8 minutes.

30



L, ,~~i~y; Exam-ie 52 25 A
(Z) 2 (5,5-Diethyl-1, 3, 2-di oxaborinan-2-yl)-1, 2- dlphenylethenyl] d 5. df &
| -1,3,2-di ox aborinane. Ph Ph 5 OB~"B O _ o The
, 2-di et hyl - 1, 3- propanedi ol ester of diboronic acid (0.283 g; 1.0 mmvle),

O di phenyl acetyl ene (0.179 g; 1.0 mmle) and
tetraki sftri phenyl phosphi ne)pl ati num (0.037 g; 0.030-nmole) were placed in
a Schl enk tube open to the atnospherg . Tol uene (5 nlL) dried over 4A

nol ecul ar sieve) was added, and the seal ed tube was heated at 80C with
stirring for 72 hours. GC analysis showed the correspondi ng di boronic ester
of di phenyl tyj ene to have formed. 15 Exanple 53

(2-{(2)-2=74: noxynet hyl ) -1, 3, 2- di oxabor ol an-2-yl ] -1, 2-di phenyl et henyl
}-1, 3, 2- dipheabios-04 1T, Fydijaretiiyll, Rharyhbabher2-yhr2-R0anone.
4- (Phenoxynet hyl ) - 2-{(Z) - 2- (4- (phenoxynet hyl ) - 1, 3, 2- di oxabor ol an-2-yl]-1, 2-
di phenyl et henyl }-1, 3, 2-di oxaborolane. P~P h PhO OB g O O ~Ph 25 The
3- phenoxy- 1, 2- pr opanedi ol esteK‘a?\diboronic acid (0.356 g; 1 0 mmole),

2-[
t hy
2, 2-
I

di phenyl acetyl ene (0.180 g; 1. | &€ and

t et rakiss(tri phenyl phosphi ne} pl atiAum (5937 g; 0.030 mmle) were placed in
a Schl enk tube open to the atnosph . Toluene (5 nL, dried over 4A

nol ecul ar sieve) was added, ancD{—Be seal ed tube was heated at 80C with 30
stirring for 72 hours. GC agml sisgshomed t he correspondi ng di boronic ester
of di phenyl acetyl ene to have,for

MMe

10 The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), trans-4-phenyl-3-buten-2-one
(0.161 g; 1.1 mmoles) and bis(benzylideneacetone)platinum (0.020 g; 0.030 mmoles) were
placed 1n a Schlenk tube under an atmosphere of nitrogen. Toluene (5 mL, dried over 4A
molecular sieve) was added under argon, and the tube was heated at 70°C with stirring for
17 hours. GC analysis showed the boronic ester of trans-4-phenyl-3-buten-2-one at 10.6

15 minutes (>95%) as the principal product.

Example 31
4-Phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-butanone.

20 The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), trans-4-phenyl-3-buten-2-one
(0.161 g; 1.1 mmoles) and tetrakis(triphenyiphosphine)platinum (0.037 g; 0.030 mmoles)
were placed in a Schlenk tube under an atmosphere of nitrogen. DMF (5 ml., dried over
4A molecular sieve) was added under argon, and the tube was heated at 80°C with stirring
for 18 hours. GC analysis showed a peak corresponding to the boronic ester of trans-4-

25 phenyl-3-buten-2-one at 10.6 minutes (>95%) as the principal product.

30



l r" ~~h ~?~r ~~ ~ ,~J,~ - S3 Exanple 54 At
[1S, 2S, 6R 8S) - 4-{ () 1. 2- Bi phenyl - 2-[ (1R 2R, 6S, 8S) - 2, 9, 9- t r ~met hy| -4, 52
a-4-boratrtc
yclo[6.1.1.02,6]dec-4-yl]ethenyl}-2,9,9-trinmethyl-3,5-di oxa-4-boratricycl o]
6.1.1.02,6]dec 5 ane. Ph Ph ~~B B~~ p,1 CH3 ..,.0 CH3 10 The 1R

2R, 3S, 5R-(-) - pmanedi ol ester of diboronic acid (0.359 g; 1.0 nmol e),

di phenyl acetyl ene (0.179 g; 1.0 mol-&) -and
tetrak~s(tri phenyl phosphi ne)plati num (0.037 g; 0.030 mmole) were placed in
a Schl enk tube open to the atnosphere. Toluene (5 nlL, dried over 4A

nmol ecul ar ggi8Yye)32was added, and the seal ed tube was heated at 80C with 15
stirring for ours. GC anal ysis showed the corresyondlng di boroni c ester
of di phenl&det, 314Lép!®errvb7%a\4e5 f tetrasebthyidahpideo@Boragrn-2-yhethenyl]-4.4.5,5-tetra

(3aR, 6aS5) aR 6asS) Tet rahydr o- 3aH-cycl openta[d] [

1,3, 2] di 0595%1& d{ﬂ&j‘bofb'f

phenylethenyl}tetrahydro 3aH—cycIopenta[d][1 3, 2] di oxaborole. Ph Ph O B-~8
-0 0 0O 25 The cis-l,2-cyc|opentanedio| ester of diboronic acid (0.229 g;
1.0 mmobe), diphenyl acetyl ene (0. 18 8, nmol e) and

tetraki s(tri phenyl phosphi ne)pl ati ; 0.03I mmole) were placed in
a Schl enk tube open to the atnobspRerg. sene (5 nl, 30 dried over 4A

nol ecul ar sieve) was added, and the ﬂ-ed tube was heated at- 80C with
stirring for 72 hours. GC analy5|§ e correspondi ng di boronic ester

of '~I11,;i:,;~..-;.,"‘/(e~'~I Jg_ —Me

10

1

The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), diphenylacetylene (0.196 g, 1.1
mmoles) and bis(dibenzylideneacetone)platinum (0.020 g; 0.030 mmoles) were placed in a
Schienk tube under an atmosphere of nitrogen. Toluene (5 mL, dried over 4A molecular
sieve) was added under argon, and the tube was heated at 70°C with stirring for 88 hours.

15 GC analysis showed the peak corresponding to the diboronic ester of diphenylacetylene at
17.0 minutes (25%), and a peak at 16.8 minutes (48 %), which was shown by mass

spectrometry to be an isomer of the diboronic ester of diphenylacetylene.

Example 33
20 2-[(Z)-1,3-Dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-butenyl]-

4,4,5,5-tetramethyl-1,3,2-dioxaborolane.

Me M
Me
Meq/() _;}=%>*— O %We
\B B/
N
= Me ™0 Me O N Me
Me e

The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), 2-methy!-1,3-pentadiene (0.120
g; 1.5 mmoles) and tetrakis(triphenylphosphine)piatinum (0.037 g; 0.030 mmoles) were
30 placed in a Schlenk tube under an atmosphere of nitrogen. Toluene (5 mL, dried over 4A

molecular sieve) was added under argon, and the tube was heated at 70°C with stirring for



di phenyl acetyl ene to have forned. Exanple 56

(3aR, 6aS)-2-{(2)-2-[(3aR, 6aS) Tetral tydrof uro[ 3, 4-d]
[ 1, 3, 2] di oxaborol -2-yl]-1 ,2-di phenyle 5

t henyl }tetrahydrofuro[ 3, 4-d][1, 3, 2] di oxaborole. Ph Ph ~ B~B-0 ,.00,,, O
~)O 10 The 1, 4-anhydroerythritol ester of diborontc acid (0.230 g; 1.0
nol e), di phenyl acerSllene (0.177 g; 1.0 mmole) and

tetraki s(triphenyl phosphi ne)pl ati num, (0. 037 g; 0.030 mvl e} were placed in
a Schl enk tube open to the atnosphere’ Toluene (S nl, dried over 4A

nol ecul ar sieve) was added) and the seal ed tube was heated at 80C with

stirring for 72 1 _~ hours. GC anal ysis showed the correspondi di.bor oni c
ester of of PAdRyIGicaRYYRndorEd Ay Y?foff?ﬁei‘?d%(%lféﬁ??omc BSter of metny?

2-[(2) -1, 2-bi - - - =~ di N85 igfhenyl ] - 4- phenyl - |
3 ot oxhBar gt Aned BN e BB ORI s oA

1- phenyl -1, 2- et hanedi ol ester of diboronic acid (0.294 g; 1.0 mmol e))

di phenyl acetyl ene (0.180 g; 1.0 mmle) and

t et r aki s(E¥D¥NERSI phosphi ne) pl ati num (0.038 g; 0.030 nmol e) were placed in

‘7 51 .
//o II-\\'”](D\ ?ﬂa

a Schl epky -TRBGHefn91-5 0 (A4 505 91 U6 daBorBlah-A0H 8dc R e x AL L y1
mol ecul ar gfgésel% was ghdzd( ’a’%§%ﬁgéhg}[eggtube as heaggd a}? 80C i ?r%
stirring flgh24R2oxaboro$ane GC anal ysi s showed t he correspondi ng di boronic ester
of 30 di phenyl acetyl ene to have forned. i,(~,~1 , i~~ill;,i -55
Exanpl e 58

Me M

I
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Me Me

The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), 1,3-cyclohexadiene (0.120 g;
1.5 mmoles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles) were
placed in a Schlenk tube under an atmosphere of nitrogen. Toluene (5 mL, dried over 4A
15 molecular sieve) was added under argon, and the tube was heated at 70°C with stirring for
63 hours. GC analysis showed two product peaks, at 11.5 minutes (3%) and 11.7 minutes
(82%). The mass spectra show very similar fragmentation patterns, and the molecular

masses are consistent with the formation of two diboronic esters of cyclohexa-1,3-diene.

20 Example 35
4,4,5,5-Tetramethyl-2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-cyclohexen- 1 -yl]

-1,3.,2-dioxaborolane.

The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), 1,3-cyclohexadiene (0.120 g;
25 1.5 mmoles) and bis(dibenzylideneacetone)platinum (0.020 g; 0.030 mmoles) were placed
in a Schlenk tube under an atmosphere of nitrogen. Toluene (5 mL, dried over 4A
molecular sieve) was added under argon, and the tube was heated at 50°C with stirring for
16 hours. GC analysis showed peaks at 11.5 minutes (5%) and 11.7 minutes (84 %), as in
example 34, together with a peak at 14 3 minutes corresponding to the 1,4-diboronic ester

30 of benzene (1%).



(3aR, 7aS) - 2-{(2) - 2-[ (3aR, 7aS) Hexahydr o- 1, 3, 2- benzodt oxabor ol - 2-4/f ] £113 2:¢4 ph
enyl et heny |} hexahydro-1, 3, 2-benzodi oxaborole. Ph Ph 5 OB B-O ~O O The
cis-1, 2-cycl ohexanedi ol ester of diboront acid (0.251 g; 1.0 mvle), 10

di phenyl acetyl ene (0.176 g; 0.99 mvol e) and

tetraki s(triphenyl phosphi ne)plati num (0.038 g; 0.030 mvle) were placed ma
Schl enk tube open to the atnosphere. Toluene (~ nL. dried over 4A nol ecul ar
si eve) was added, and the seal ed tubgiryas heated at 80C with stirring for
72 hours. GC anal ysis showed the correspondi ng dtboronic ester of

di phenyl acetyl ene to have forned. 15 Exanple 59 4-[(E)-1, 2-D

i phenyl -2¢(4 4, 17 , S5-tetramethy 1-1, 3, 2 -d io xaborol an-2-yl)etheny 1]
phenol . Eﬁé—é%r“synthe3|s of 20 ~\ ~~ 0 0 HO 25 The 1, 2-bi s(boronic acid
pi nacol esdes, )S-'De,tlitﬂﬂ[l’phér[ﬂ el-hiengl- s, 4 (5 -ad tredaktiiyod 1|, Ddidigkabd@ ] amed-hiod -but
described in . After addition of Pdd 2(dppf).CH2A 2 (27 ny),

excess p- Wﬁﬂbbﬁé%gpxﬁﬁng@n%) and K2C03 (0.45 g) the solution was heated for
a further 21.5 h at 80 C GC analysis of the solution showed only one major
peak (at 19.2 mins retention timne nd was shown by GC/MS to be due to the

tri-aryb product. 30 7~ ', =~ fli)~ -~6 The di boron addition to the
acetyl ene can be carried out mnth sape-Maal | adi um cat al yst as was used

for the coupling reaction (see Exanpl ). Then both reactions are

catal ysed by the sanme catal yst. 5oHg oughouyt this specification and the
claims which follow, unless thg, bntextcfeq Lnps otherwise, the word
"conprise'', and variations su cConprq’s and "conprising”, wll be
understood to inply the |ncIu3|onw c@ Stalm |nteger or step or group of

i ntegers or steps but not the exclusion of any other integer or step or
group g@f integers or steps. 10 Those skilled in the art will appreciate

that the invention described herein is susceptible to variations and

nodi f i cat Tiengnadohestert dfatibdrhos ecid @64 igc ald mnoég ¢t ipberd/lbutyne (§ 146 doa. 1

under st ood that t he |nvent|on i ncl udes all ch varjations and
nodi fi cat PBIRES) giKeb IF@U@H%X Waneardene paiye £ §$(|’ 8'09 %f’h&“%‘% gverg plapgd a@

CONposi t'ﬁﬂ?en%'}ﬁlb ct| Qﬁ]osﬁfe?é SPﬂtngerPrTg 'ﬁ?h 9 Ufled M3 4?\ PR6lcbhigat | on,

i ndi vidually or vel y, any-and |nat|ons of any two or
sieve) was added under argon, and the tube was heated at 7O C with stirring for 63 hours.

15 GC analysis showed a peak corresponding to the diboronic ester of 1-phenylbutyne at 14.2
minutes (53 %), together with another peak at 13.8 minutes (8 %), which was shown by

mass spectrometry to be an isomer of the diboronic ester of 1-phenylbutyne.

Example 37
20 (Z)-1,5-Diphenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-penten-3-one.

Me Me
Me~l——<fMe
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The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), dibenzylideneacetone (0.257 g;
1.1 mmoles) and bis(dibenzylideneacetone)platinum (0.020 g; 0.030 mmoles) were placed
30 in a Schlenk tube under an atmosphere of nitrogen. Toluene (5 mL, dried over 4A

molecular sieve) was added under argon, and the tube was heated at 50°C with stirring for



1 ~ nore of said steps or features. iy~ " iov. j? _ CLtlIM3 LA, 003
process for preparing an organoboron internedi ate, conprising reactlng‘é
di boror, dcrivcitive with au ol efinic conpound having at |east one carbon
to carbon double S bond or an acetylettic conpound staving at |east one
carbon to carbon triple bond in the pzesence of a Goup 8-11 netal catalyst
such that an organoboror>:ate residue is introduced on one or two of the
carbon atons of the respective doubl$ or ttzple bond. Lvherein said
reaction of the. olefinic or acetyle € cotnpotu-td with the di boron
derivative is an addition reaction across the double or triple bond
respectively, in 10 the case of two or nore conjugated carbon t0O carbon
doubl e bohijgourﬁ h&G erdtsrsomoivad ﬁ@é&kc@)éfeépfg@ﬁtﬁ)@rfbﬁ!i?@“ﬁe@ﬁ@d@és on di st al

car bon at rt|C| atln ugatlon resulting in | oss of
conjugatl%ﬁﬁugﬁd“Fﬁ: g% %Sﬁgﬁ%B unsat urated carbonyl conpound, the
reacti on n~troduccs a S|ngle organoboronate resi due on the ~-carbon,
resulting in loss of a,~i-unsaturation; 15 wherein the olefin tc or

acet yl entex nd has at | east one further substituent selected fromthe
group c t h N
ar box xndyt > S ey PRt Ry S B R S Rarn El fre

sul foni m dyl, sul fondl i m dyI sul fonohydroal nyl, sul farrtyl phosphi nyl ,
phosphi ni mdyI 20 pl ~ospl onyl , di hgdroxyphos hartyl hydroxypho 7phanyl

phosphonoThemm@@bﬁ%Waqfdhw@uméﬁylér(%Q HBosPhemple), @ubpwﬁdﬁwcetwa@ Ao,
hvdaut oyI ur e| r p n..Qr ganobor on
't or ot 't ARG e b P o h -5 E3 0.08" of DTNt

di bor on qﬂméatm Y ScMliehib ndd vall@fanniGopaRUNGrHidvi ”g)lﬁéileé(b' rhieagtedaiver GAr bon
to carbon doubl e bond or an aeetyl enic eon~pound hawi ng at | east one carbon
to car bormelesiresigysheyap ﬁd@teﬁemg@re'gmw@)ﬂheam Bap heatqd ainglt’” Q\V@laﬁta]rylgtforsu CK
that ari nob r carbon
atons of ﬁﬂ%% esp %ﬁngﬁ ‘%%Pﬁgpﬁ?e(fcg % By} Eﬁﬁdﬁggé rE%E ?%n of the
oletinic dfrd1t7€<ﬁﬁyﬁlkieﬁéﬁc6toﬁ@ﬁlﬂ3mlldumdt§sh(3t)B[Ecdivbﬂ;li(ﬁﬂ. derivati~~e is art
addition reaction across the 30 double. or triple bond respectively, or trt
the case of two or note conjugated carbon to carbon doubl e bonds, the
reactionlga&{ggy§es or ganoboronat e resi dues on drstal

15 3-Phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propanal.
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The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), trans-cinnamaldehyde (0.145 g;
1.1 mmoles) and bis{dibenzylideneacetone)platinum (0.020 g; 0.030 mmoles) were placed
in a Schlenk tube under an atmosphere of nitrogen. Toluene (5 mL, dried over 4A

25 molecular sieve) was added under argon, and the tube was heated at 50°C with stirring for
15 hours. GC analysis showed a peak corresponding to the boronic ester of trans-

cinnamaldehyde at 10.1 minutes (37%).

30



~ ,\ ~I 1L~ "~1~- 58 carbon atons participatin5 in the coghugg@ipmn
resulting in loss of conjugation, or, io the case of an a.~-unsaturated " "
carbonyl compound, the reaction introduces a single or7anoboronai e residue
on the ~3-carbon, resulting ni loss of L1_~-LIIlSatllrHt011 5 3. A process
for preparing an organoboron internmedi ate, conprising reacting in the
presence of air or oxygen as a reaction pronoter a di boron derivative with
an ol e~~;tc eornpound having at | eastisone carbon to carbon doubl e bond or
art acetylenic cornpoutrd Itaving at | east one carbon to carbon triple bond
in the presence of a Crroup 8-11 netal catal yst such that an organoboronate
residue ig§,.J uced on one 10 or two of the carbon atons of the
respectivghd d gg or triple bond. wherein said reaction of the olefinic or
acet yl ent g-PaengpSu@dt, suSttherathahdli hdRedoxidorolat-Lwé)prapaaa. addi ti on reaction
across the double or triple bond respeetivel y, or in the case of tu-o or
nore conjugated carbon to carbon doubl e bonds, the reaction introduces
organobor?mgﬁ 'gqﬁ%~ .stalnG on ALQ%H ~GhRatd i )
conjugation,lﬁghﬁggst Ifcﬁf E?%%ﬁgggﬁ flbonjudg??é%%&or,2?§§?E€«%2§3;0f art
a, (1 ~unsal.umahelds)cad bemkis(c phpolpitspiti he plreachi(0.037 gt Od3lcmsclas)sivergl e

or ganoboronate resjdue on the (~-carbon. resulti in |gss of. .

a, ~i - unsaRleredtin Srﬁf}“&{ﬂ( Ab5 UG AR Agpsnhere R MiRgeetn %W&Bd&orﬁrfﬂt%ﬁh@ﬁi ate,
conmpri st gy k& éi@&{) Fa€ Biddlundd zgg@rp,ra(ﬂﬂ tEfubY Alab iBath hBRT QhREHDNE for
conmpound havinb at [east one carbon to carbon double bond or an acétyl enic
conpound Ialwiung &C dnehsis sboeed tie lposret@ afarpgeak comegpoedingna therbordrec pnesence
of a 6}035:8-11 netaﬂ C tal¥§t such t£ﬁ9 an organoboronate residue is

i nt r oduced GRS GHEAGRALAE HePEEER SN 8k ons of the respective doubl e or
tnpl e bgnd, wherein said reaction of the olefinic or acctylenic conpound
with the 25 di boron derivative is an addirion reaction across the double or
triple bdbdmpdspectively, or it the case of two or nore conjugated carbon

to carbon ubl e bonds. regction in es organqb nat e resi dues on
di st al ca‘?’ggng i?%%etg’ﬁf%'iig&p‘égiasﬁﬁ"?’ﬁ‘e‘lhﬁ "{*3%?@6%%@%?%@&2I‘ﬁ’é'ﬁy Y9Gl oss of
conj ugat i n.yQri. 3 BhidABoGRMe. Of an a.p-unsaturated carbonyl conpound, the
reaction int?oduces a single organoboronate 30 re.sidtte on the ~-carbon,
resul ti ust,id,3-Tssarodthd;1-B5-(4,4,5 Satetrhmathg D18, 2-d1oxpborslat-2-y1)-2;4, JEydloetatEo A
process_for parirzj . an organoboron internediate, conprisinc reacting a
dibaroisd%?%ggﬁhsé*$ﬁ¢mo%ﬁnﬁiefinic conpound having at | east one carbon to
carbon doubl e bond or an acetyl enic c;oi npound having at |east one carbon
to carbon triple bond in the presence of a Crroup 8-11 netal catalyst,
wherein said r neon efcMehe ol efinic or 5 acetyl enic conpoynd which die
di bororz de&hval 8 isoéﬁhgggition reacti@hia % S dq$mw?(n triple

h =i red

bond respect¥ y Suchit tile forned eédfate has an

or ganobor on r M8t Bs&tH'%ar bon at om :Be/oor \ ZQMQ bond; and
heatinb the reacti @ hxture in the presgﬁyé &t a base suth figat sone or

all of2fha 10 org on i nternediate un e?goes nonohydr odeboronatl on. 6 A
process for prepariog_dn organoboron interned~ ate which conprises reacting
m ol efi ni c conpound | xa~.zng a | eaving G oup at azi allylic substitution
posi tion Phd fingofl & FHiERbANY AEVE. 258 gt N RERIONES, OF-FcldbotRiraerkl met al

catal yst such that the _
(0.114 g; 1.1 mmoles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles)

were placed in a Schlenk tube under an atmosphere of nitrogen. Toluene (5 mL, dried

25 over 4A molecular sieve) was added under argon, and the tube was heated at 50°C with
stirring for 15 hours. GC analysis showed peaks corresponding to a diboronic ester of
1,3,5,7-cycloctatetraene at 14.2 minutes (5% conversion) and a compound at 19.4 minutes
(7% conversion) having a molecular mass corresponding to a diboronic ester of two
coupled cycloctatetraene rings.
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15 leaving group is replaced with an organoborotiate residue. 7. Azpédééésﬂﬁ‘
according to airy one of clains 2 to 6 wherein the ole~inic or acctylenic
conmpound Il as at |east one further substituent selected fromtile group

consi sting of hydroYy, am no, 11171110, carboxy, carboxylato) carboxmidyl,
sulfo, sulfinyl, 20 sultinirrlidyl, sulfinohydroxinyl, sulfonimdyl,

sul fondi i nzidyl, sulfonohydroxinlyl, sulfanyl, phospilinyl, phosphinimdyl,
phosphonyl, di hydzo~yphosphanyl, hydae=yphosphanyl, phosphono, phosphonat o,
hydr ohydr o~ypbosphoryl, alloplran~ 1, buanidlno, |Ilydantoyl, weido and

ureylenc. 25 S. A process according to any one of clains |, 3) 4, ~ or 6
wher ei n t}hgmﬁ%lgg@ss m conducted in the presence of a protie solvent. 9. A
process according to any one of clains 1. ~, 4, 5 or 6 wherein the process

i s conduct, e, bTetrlecthyezEhokd Of 5-armmerhybX Bgbdicasbaopna@nyl)-@rcycBOctendl=yl} f' ~
;9% ;~'3 -60 10. A process according to any one of clainms 1, 2, s, 5 or 6
wher ei n tHe-didiR3RBIC!aer i vati ve is a chiral diboron derivative. 11. 11
process according to claizn 4 or 10 wherein the diboron derwattve is chiral
having 5 an enantioneric excess o e fozTn relative to another such that
t he fonho~l organoboron interxztediatelis chiral having an enatitioncrtc
excess of one formrelative to a . 12. A process according to any one
of claims | to 4 wherein the fﬁﬁ_ d—or gghoboron 10 interncd~ate has an

or gazt oboronate resi due on M &hrboﬁggg Meof the respectt~~e double or
triple bozzd and the react Men nix@ureG.s/hdd ed mthe presence of a base
such that sonme or all of the or/gguobqy i nt er redi at e under goes
monohydr odebor onati on. 15 13. V& process Mzcordin 5 to airy one of clains 1
to 12 wherein the Goup 8-1 1 netal catal yst conprises palladium nickel or
plati nPU“T}ﬁ}Jinzéol BEQGE HhoAGHOdl .zS@gph.@'rﬁ}n@,?e>,~1-,3-fb%{aeleﬂe g@.@z oup 8-11
metal catalyst Is a platinumcatalyst” 20 | ~. "A process according to claim
14 wher einmmbles)-gukd dtii(dibemzyHteneysstonepla imuina(@iRt gdhPdermold) Avepr plaesisin a
accordin o claiml ~ wherein the plati conmplex |s selected from25 Pt;
(dba) z, %ﬁ%bphjﬁibfd??‘efﬁ“d‘%sﬂbﬁ{%&d)’%’g@rﬁt g g%%ggélﬁzcéf d QEf pPIBYACURH

rel ated Galal ¥sd f1dMhhallerak £ ARPHR%ES: Rfs RRASIRRIsDEC W igART fing RROBPRILE

| i gands, ar ot her suitabl e hgands containing P wd/or N aton% for

co- oi di nand nkentap 80 M@ vpihastir mumfoatadiogherll77 hotirpr 6€esslyaschpaedgye peakhiana 15 or

claim 1156 1 .4exrmer{u?est(?f%5) lar?(} llﬂ%li?lgtgpl(fg%l):s ha%?ngt \?etr)r/] %{r%?ar%pag?neigltibg pgtlgggg rt

and molecular masses consistent with diboronic esters of 1,5-octadiene.

2

Example 43
4,4,5,5-Tetramethyl-2-[9-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-ytricyclo[5.2.1.02,6

20 ]dec-3-en-8-yl]-1,3,2-dioxaborolane.
4,4,5,5-Tetramethyl-2-[3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yljtricyclo[5.2.1.02,6
]Jdec-8-en-4-y1]-1,3,2-dioxaborolane.

Me Me
0 Me Me f\,/leo Me
25 B/ \ o) Me
\ B : Me
07\ 'Me Me~ ™0 B~0
= Me Me
P_O _Me
O%\Me
Me Me
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o~~~ 1 7?7 aQd~3 -61 1$. A process according to claim14 V\,her in tho
pl ati num catal ~>st is selected from pl ati num bl ack, platinLUn oh fcar E)oﬁ[l(@nd
plati numclusters or a platinmun conplex: or a platintun conplex tethered on
a solid suppot~t. 5 19 A process according to claim13 wherein tl~e G oup
$-11 netal caialyst is a palladiumcatalyst. 20. A process according to
claim19 wherein the catalyst is selected fromthe group COL1S15tItl g of

pzl | adi tun bl ack, palladiumon carbom7 palladiumclusters and 10 pall adi ~
in porous glass. 21. A process aecozding to claim13 wherein the catal yst
is a nickel cotnpler. 22 A process according to claim21 wherein the

catal yst 'ﬁleﬁﬁllla%ﬁli &gl Jramodific %1@%@7@-5 CPInhslel, Wc&ﬂoﬁéhl@ﬁ@he [ 8oxg: Rirey

ni ckel , nickel on carbon and ni ckel clusters or a nickel conplex oz a

Ni ckel comphebes)tatiiey(eidemylidersadetahe plgmont (0 @28, g;A). W(bme@b%hwcmr;dﬂ%g me any

one of cl to 22 wherein the diboron r|v i ve a di ic.ester
or ot her 29(5&1%{”&“H)é’fr”i“é%ft?ir\fémB?phﬂer%fr“é‘ﬁ%ge&cﬂgﬁ %&HL “eﬂroaﬁrlg'g cular

eoval ent | y;.couphd me@ﬁgéé?raszooqloap@m@%ems%a&erwsoS@Mh%emg fof:‘g7%urs
organoboron i'nternedi ate according to any one of clains 1 to 6: and 25

reacti ng Qfeamigsy stobed arpeainterarpdidington dihomnic astegahidisy cloppaddenisay ildg a

hal ogen substrt or hal ogen-11k bsti.tuent at co ing posijion in
he_br esertaus (5 orfussepSE hmer Qraioch o gordh e SR fbriBe Pt
v~~her eby ¢t hespRh&hk % BvPFion@fRtdEtatot frEReend is coupled to the organic
compound via a direct bond between the carbon atona having the

or ganoboronate resi due and the coupling posrtiozi 30 ~'~ ~~li ~-& 25. A

process far co~~alently coupling organic conpounds which conpri ses:
reacting gﬁigp@#ﬁnic conmpound havi ng at Least one carbon to carbon double

bond or;an 4a9%tvétfsame@m@9wa%aﬁk19@‘{61]@9)'1@&1 1, easdxaPft81a0ar bon to carbon triple
baud wnth a diboron derivative in the presence of z Goup $-11 net al

cat al yst timiform an organaboron il zternediate having an organoboronate

resi due o ast car ba e res ctive double or triple
bond, V\/ner er 35 fitE?“PegéYitzl(dﬁ“%Fﬂ g%i‘@fﬁ %dqu Qlawenl ¢ conpound with the
di boron derivative is an addition reaction across the double or triple bond
respectively. or in the case\gf two or nore conjugated pgarbon to 10 carbon
doubl e bonds, the reaction_introduces organoboronal e rgsidues on distal
carbon atons participati t he conjugation, resy Qg in | oss of

conjuration, or. in the ¢ of art a,(3-unsaturat conpound, the
reaction introduces a singte organoboronate resi due—er t he ~-carbon,

resulting in |oss O-€B- unsaturation, azld -
AL g B0 e
Me O%Me
meMe Me
Me

The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), 4-methyl-cyclohexene (0.110 g;
1.2 mmoles) and bis(dibenzylideneacetone)platinum (0.020 g; 0.030 mmoles) were placed
in a Schlenk tube under an atmosphere of nitrogen. Toluene (5 mL, dried over 4A
molecular sieve) was added under argon, and the tube was heated at 80°C with stirring for
25 232 hours. GC analysis showed a pair of peaks at 7.0 minutes (9%) and 10 minutes (5%),

corresponding to two monohydrodeboration products.
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15 addin5 water or water and a suitable base or a mld oxidising @gpqqugmm
deconpose excess di borotl denvative, and reacting the organobaron
internediate with an 01' g1l 11C Can7pol I nd 113v111 a hal ogen or hal ogen-1li ke
substituent at a coupling position in the presence of a Goup 8-11 20 netal
catal yst and a suitabl e base, whereby the ol efinic or acetyl enic conpound
is coupled to the O'~Tarl | C GOLlI 717011i 1d via a direct bold between the
carbon atom having the orgarl oborona8e resi due azld the coupling positron.
2G. A process according to claim2~ wherein the base added to deconpose the

di boron 25 derivative is enployed to catalyse the eollplllla reaction. 27,
A proces§k§&ﬁgnging to claim 2G conducted 1113 single pot 28. A process
according to any one of clainms 24 to 27 wherein the ol efinic conpound is 30

Sel ect ed 44,051 Tettanet k-Gt [(p)-LCh SiSSt-tetdagre Oy 1-Opt, £ G1oxabaspladabg b lrepiend7-soylai ght
chai n, biaqgged OE cyclic al kenes, aid nolecules, nlat7otllers ally

macr orohéubes UHRRH 14 ude, at r ~. non~l | ~ r,~ .t dal.,) -6~ |east
one car ban &g tafhamyAoubie7BpNG:8-fis(d i SUERfcalhed T ardeRHERIMONZ IS,
optionally substituted straight chain, brnched or cyclic al kynes and

mol eculSe;ocradirenyrls3 dridoxahemotamn~ol ecul es | vhich include at | east one carbon
to carbon triple bond 5 29. A process according to claim 28 wherein the

ol efinte con.pound is a conjugated d~ene,,,an organic. conpound having a

| eavi ng group in Ma ?\%I ic position. on,an opganiH cont pgn@eha~~i ng

adj acent doubl VY0 30_ A process accordB to any ong/ ofMecl ai ns 24
to 29 wherei {'he bl efinic conpound is differ@nt Hi=om t heqor Yaiviec

conpound.a{\{?(l. aprogéss according to claiMe24 gfei e ag-ganobgron
i ni enzedi s lisollated prior to reactionv@j_ the org g cogp#ﬁ d. 15
32. A procss @t one of cl ai 22¢0 31 wher egzjy

K the™organi c
conpound is an ar tic or pseudoaromatic ri g€ ampound hqyincoa%hmbogen or
hal ogen-1i ke substltuent at ~, coupling position. 20 JJ. A procesHe
according to any one of elatnls 24 to 32 rvherein the organic conpound is
an ol efinic compound having a hal oocn or hal ogen-1like substitttent at a

vutylic ¢ReBliafd RS bH@Boronic acid (0.254 g; 1.0 mmole), 1,7-octadiyne (0.152 g; 1.4
mmoles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles) were placed in
a Schlenk tube under an atmosphere of nitrogen. DMF (5 mL, dried over 4A molecular
10 sieve) was added under argon, and the tube was heated at 80°C with stirring for 14 hours.
GC analysis showed a peak at 13.2 minutes (71 %) corresponding to the diboronic ester of
1,7-octadiyne, and a peak at 20.3 minutes (24 %) corresponding to the tetraboronic ester of

1,7-octadiyne.

15 Example 46
4,4,5,5-Tetramethyl-2-[(E)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-octen-7-ynyl
]-1,3,2-dioxaborolane.
4,4,5,5-Tetramethyl-2-[(1E,7E)-2,7,8-tris(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,
7-octadienyl}-1,3,2-dioxaborolane.

20
The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), 1,7-octadiyne (0.055 g; 0.52
mmoles) and tetrakis(triphenyiphosphine)platinum (0.037 g; 0.030 mmoles) were placed in
a Schlenk tube under an atmosphere of nitrogen. DMF (5 mL, dried over 4A molecular

sieve) was added under argon, and the tube was heated at 80°C with stirring for 14 hours.

b
wh

GC analysis showed a peak at 13.2 minutes (1%) corresponding to the diboronic ester of



34. A pzocess according to any one of clainms 24 to 33 wherein theyqrgznj S
conpotutd is 25 an aliphatic conpound having a hal ogen or hal ogen-1 ke " 2003
substituent ai a coupling position. 3 ~. A process according to any one of
clainms 24 to 34 wherein the organic con tpound man acetyl eni c conpound
havi ng a hal ogen or hal ogen-1like substttuenr in a couplm~ 30 position. ~
l; '~ ~"~ 9% ;h;~ 36. A process according to any one of clains 24 to 3~
wherein at | east one of the ol etinic-gpapoiuid and the orgaczic conpound
has nore than one hal ogetz or hal ogen-like sttbstittlettt_ 37 A process
according to any one of clains 24 to 36 wherein the suitable base i _

sel ected f1 &l r | 5t k| .z I A

ruori des. ydron dea o e R Bonar A b RSB o E RO b Sl

al kyl al 'l 1,7-6tddiyne.21, My, Ca and 13a; phosphates; and aryl phosphates of

Li, Na, K, lib and Cs; phosphate esters of Li, Na; K Rb and Cs) phenoxides
of Li, Na, K, Ro and Cs, alkoxides of Li. I 0 Na, K Rb and Cs; and
thallitun p%. e, 38. A process according to claim 37 wheleiz~ the

sui tabl e b}%ég{l s&’gel ected fz~ozrl the group consisting of aryl and al kyl

car boxyl ategZ)-¢t-dudratdes 5, Feuametdigs 1 driddiphadspblat-@sy | b -okien-3Nayy 1 K4, 4035-1eCs,
alll1110111t %Tl 3&2 al %I @nl rnoluunz. |5 39. A process according to claim
38 wher ei FARHEY LR iabPE2995d@ % or the coupling step is sel ected from
cesiurlt B.RROLAS it r s6v]-PAL RS 9sANate, @t Rlkal i
Al hy o e e R R Y T
39 wher ei n4drfe5-oftragsitiyy1dl, B 2idndx@booimpeund and sai d organic conpound is a
polymer. 41. A functionalised poJdylnerie solid when prepared in accordance
with the process of claim40. 2~ 42 A process according to any one of
clainms gf to 41 merhﬁin either the olefinic col npotyld or t e organic
conpound is ch@di %/M‘Fi\n edeto a solid pol ymer pgup g Me 435 MA process
according to wgd 4 v@‘ér f-mé he di boron dei i vat-Hvye “ps @“ﬁl\ﬁ%}\nehavi ng an
30 enantioneric excgss df—one formrelative to anot ber sughdhat the

forn~ed oz ganoboronyinyez~nediate is chiral haying al ntiQnP\rlc excess
of one form t ; i~ (Xr i, ~ I~.s y~Il~~- 6~ __ M

N\ = e
Me A 0-8  B-o
Me7S<O o %(Me
M M
15 e e e MeMe” Me Me

The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), 5,7-dodecadiyne (0.250 g; 1.5
mmoles) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmoles) were placed in
a Schlenk tube under an atmosphere of nitrogen DMF (5§ mL, dried over 4A molecular
20 sieve) was added under argon, and the tube was heated at 80°C with stirring for 14 hours.
GC analysis showed a peak corresponding to unreacted starting material (25%), a peak at
15.5 minutes (72 %) corresponding to the diboronic ester of 5,7-dodecadiyne, and a peak

at 17.4 minutes (2%) corresponding to the tetraboronic ester of 5,7-dodecadiyne.

25
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relative to another such that the chirality of the orQanobot~oz~ 7/ APR apiy
ittterme<liate results ma coupled product having a chirality and nn '
ennt ~Oneri c e~ceSS O one enantioner relative to another. S 44. An
orgvioborate i nternedi ate prepared according to the process of any one of
Cl~"'n"'S1to 23. 45 A process for preparitag an organoboronic acid by
hydr ol ysi ng t he organoboron inteunedi ate produced by the process of any one
of clains 1-22. 10 4G O ~anoboron i-mer medi ates selected f i omtl~te
group consisting of:

2-[(2)-2-(5,5-Di ncthyl -1, 3, 2-dt oxabori nan-2-yl ) -1, 2-di phenyl et henyl ] -5, 5-di
met hyl - | E3a@2pidid®xabori nane, |~

'[2h£/|( Z)-2- é [(}deﬂg@ (%éréa tsefrazmglln?)f%b7051|c>>21%or0%n 3él‘A) 1 oc?etn vnv bé!"'g gt tralnet?lylS di me
2-[(Z) 2 ~( 3,5d:16ta88bhyd. - 1, 3, 2- di oxabori nan-2-yl)-1-phenyl - 1- butenyl ] -5, 5-di m
ethyl-1,3,2dioxaborinane, nmet hyl
(Z)-2,3-b?%k4,4,5,5-tetratnethy|-1.3,2-dioxaborolat~-?-y|)-2-noncnoate, 20
(L) - 4- pbepyl1z37(4.-Bhep23; quelts(ma;rmtehmhe[ﬂyla 22 diogasahnna-ant, Z)ba,thmamhatm,@ﬂjz- one,
(2)-4-phenyl -4 &4 4,5 5-tetratnethyl -1, 3, 2-di oxaborol an- 2-yl ) - 3- but en- 2- one
. 2- [(E eframeh.‘/ L&A GPPuY@N: 1-y1 )-2- (4, 4, 5,5-tetranethyl -1, 3, 2- di oxabo~
ol an- 2-yl )ethenyl]4 4,5 5-tetratnethyl -1. 3, 2-di o~aborolane, t -((E)- |
.2-bis(4,4, S,5-tetranethyl-1, 3, 2-dtoxaborol an-2-yl )ethenyl ]cyclohc;

vanol , 2~Th£pmapduc@tieneﬁ dibedon2 33idb6052(54 @, 150 Bunaey, Aredddecadiys; (0.080 g; 0.49

2- dloxaborol < 2-

(L3 - 5 ot riolesy S tebegfialp SR B BRetipinom €937 BHDRBIO) 3598 ladechiing cre
-3-an ng, 4 SQIGM duﬁg_ugde(r%nerﬁ&%ﬂé’rje)o'f%n?béehS(]ﬂM‘ﬁ (8 ol L BleiVRE B mdiecitar

2- di ovabor ol u~-2-yl) - 2- propen-

4, 4- di et sigie) 3@64ddxhymemagpmJm@uh&&meiwﬁk@a@dok&ﬁé}whhﬁanﬁgﬂpeyémomsxat~on

e, , . . .

4, 4, 5, 5- t SrABREFIHOWeG 9Pk 4 18, 5inutGs 4¢ Fa CATFSPPNENS (G ARPBIE£RER )1 ) - 2- ¢
yCI ohexen5 - dodEca@sane, and“a ﬂ)éail at 199 finlieed (95 B) gdrgésﬁeﬁﬁf?ﬂ” @l @B &traboronjc ester

(2) -1, 5- Bi phenyl -tetranmethy i-1,3;2-di oaaboro |an-2-yl)-

- pentez~- @fi)ﬁelodecadlyne

3-phen¥é 3-(4,4,5,5-tetranet| 3yl -1, 3, 2-di oxaborol att-2-yl)propmal, 4,4, 5, ~
-tetranmethyl -2-[18-(4,4, 5, 5-tetranethyl- | ,3,2-dioxa borolan-2-yl )-2,4,6
5 cycl ooctaimiiengl-yl]-1, 3, 2-di oxaborol ane.

4,4,5,5-Tetramethyl-2-[(E)-3-phenyl-2-propenyl]-1,3,2-dioxaborolane.
X -0

l{3 Me

20 O Me

The pinacol ester of diboronic acid (0.254 g; 1.0 mmole), trans-cinnamyl acetate (0.176 g;
1.0 mmoles) and tris(dibenzylideneacetone)dipaltadium (0.027 g; 0.030 mmoles) were

25 placed in a Schlenk tube under an atmosphere of nitrogen. Methanol (5§ mL, dried over
4A molecular sieve) was added under argon, and the tube was heated at 50°C with stirring
for 63 hours. GC analysis showed a peak corresponding to the boronic ester product at

10.2 minutes (60% conversion), as the sole product.
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, 5.5-ttramethyl-2-[6-(4,4,5,5-tetr~neth3~l-1, 3. 2-di oxaborol n 2- yDr .

4, 7cycl ooctatz ien-1-yl]-1, 3. 2- di oxabdr ol zne, 4, 4, b RPRO2003
Ttetranet hyl -2-[8-(4, 4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an- 2- yI) 4-cycl o
n-1yl]-1, 3, 2-di oxabor ol ane, 10

5, 5- tctraned~y| 2-[9-(4,4,5.5-tetranethyl -1, 3;

oxabor ol an- 2- yI)trlcycIo[5 2.1,02, b]dec-3-en-8-ylJ-1;

di oxabor ol ane, 4; 51 -
5-
5,
5
5,
ct

e

tetramet hyl -2-[3-(4, 4,5, 5- tetratnethyl 1, 3, 2-di oxaborol an-2-yl)tricyc
?.1.02, 6]dcc-8-en-4- yI] 1 (3, 2- dloxaborolane

5-tetr thyl - 2- (4- et hyl cycl ol texyl ) -1, 3, 2- d~oxabor ol ane. 15
,5-#%%%%%§T%yl-2-(3-nethy|cycIohexyI)-I,3;2-dioxaboro|atie,
, 5, 5- t2{(Ex2 F(éﬂhyB 2Bp{zB)roRato4ind-5y §- I, 2-tidvery byEnyi ]-8H2L, 8li2eheabatiofadn: 2- yl )
octen-7ynyl]-1, 3, 2-di oxaborol ane, 4,4.5,5-tetr~rt~ethyl-2-[(1

E, 7E) - 2. ?“ eirls(4 4 5 5-tetralneth,yl-1, 3, 2-di oxaborol an-2-yl )1, 7-o0
tadleny 1]-1, 3, dloxaborolanef”g Ph
2-[(2)-1-butyl-2-(4,4.5,5-tetr , 3, Z- di oxabor ol an-2-yl)-1-octeu-3-yn

yl J-4, 435, 5tetranet hyl - q oﬁhboﬁo 2-1(
17.32)-1-but yI - 234tt-|s @t%tvr@yl-l
.3, 2-di o~: aborol au-2-yl)-1, octadlenyl] 5-tetranet hyl - 1, 3. Z- di o~cabor

olane

2-[(2)-2-(4H 1, 3, 2- benzodi oxaborini n-2-yl }-1, 2-di phcnyl et henyl ] -4H 1. 3, 225
benzodi oxXile@-hydrogybenzy! alcohol ester of diboronic acid (0.266 g; 1.0 mmole),

2- L Z-) L& dl lggeg%lgfnf‘oggb@fg %)azzl%mmotl r}yand :It'étraklzs(t(;fp eny?p%cfs&une)pfa}/ilna et(Bl %gg/l I-4.4

,b-trime

2 [ (Z) r(? g@ @D%ﬁfom;' ele §1a8ed%<axs%mahk Aoz kd thd adnsiphBenytfidenykl: 5 5-die

dloxaborlnane
( 2 { ( Z) m{eawm@mmwmhydm WasxydZedli aod abosaaled itz th] he_mez 2(1:1|8©h@n‘ylhet henyl ;

o -

! -h-b-b_-hwl\)-ho o~ b

4
2,
. 5-
t
4,
-di

, 2-
5
[
4.
4
4

--1, 3, 2di b I et h ~'"' 3 -
e (1 S a8 mone Tatry AL TS SR oS honingg skl g of |

9, 9- tr|nmﬁn%hyﬁcéy@h@ﬁﬁmﬁpgﬁgka|eyelo[6 1. | .02,6]dec-4-yl]etbenyl, --
9,9-trincthyl* -d~o0~a-4-boratricyclo ~6 1 | .02.6]decane,

(3aR, 6aS) - 2- {(Z) 2 [ (3aR, 6aS)tetcahydro-3al-i-cyclopezita[d][1

3, 2] di ﬁpr o! - il- yl]-1,25
diphcnﬁ{ etral ~ydro-3aH cycl openta[d][1, 3, 2] di oxaborole. (3

aR, 6aS L8 f -24y1§ethenyl]-4,4 h
5555, H1gh1) bt ey sl sy

, 3, 2]d|0&ébbﬁmwemn@m[(2) 1, 2- di phenyl - 2- (4- phenyl - 1, 3, 2- di oxabor ol an
-2 yl ) et henyl ] - 4- phenyl -1, 3, 2di oxabor ol ane, and 10
(3aR, 7aS)-2-{(2) - 2- [(Sa) t 7aS) hekhahydt o- |

, 3, 2- ben-r. odi oxabor ol - yI] 1, 2di nxietllenyl } heYahydro-1,
,,2-benzodioxaboro|e . B

.A9. A0 A@ A@ Yr. AA9. Ar. A F. A’A A)?é./é&.A. A Al _ Af.A@. A@Af,.A5, . A Fe. A
,e.AS?. AF.AS, . A | . Ay. . A{ . Af[I.A\.ASSR A@.A A ,.A

CA(. AU. Ahl , . A@A. . ASNR AS(. Af 2. AS( Y. ASUY. A, . A. A. R AAI 2. AfUY. A ;
CAS{.AFY.Af.Ay. . AS.Al,.Au. A A .AY .AYR AF . A Ay. Aa. Aa&GLD@ i nd

The 2-methyl-2,4-pentanediol ester of diboronic acid (0.256 g; 1.0 mmole),
diphenylacetylene (0.177 g; 1.0 mmole) and tetrakis(triphenylphosphine)platinum (0.038

25 g; 0.031 mmole) were placed in a Schlenk tube open to the atmosphere. Toluene (5 mL,
dried over 4A molecular sieve) was added, and the sealed tube was heated at 80°C with
stirring for 72 hours. GC analysis showed the corresponding diboronic ester of

diphenylacetylene to have formed.
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] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] caV]ca
UV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”*a] ca] ca] ca]ca] ca
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The 1R,-QR,BS,SR-(-)-pmanediol ester of diboronic acid (0.359 g; 1.0 mmoie),

diphenylacetylene (0.179 g; 1.0 mmole) and tetrakis(triphenylphosphine)platinum (0.037

g; 0.030 mmole) were placed in a Schlenk tube open to the atmosphere. Toluene (5 mL,

dried over 4A molecular sieve) was added, and the sealed tube was heated at 80°C with
15 stirring for 72 hours. GC analysis showed the corresponding diboronic ester of

diphenylacetylene to have formed.

Example 55
20 (3aR,6a8)-2-{(Z)-2-[(3aR,6aS)Tetrahydro-3aH-cyclopenta[d][1,3,2]dioxaborol-2-yl]-1,2-di
phenylethenyl}tetrahydro-3aH-cyclopenta[d]{1,3,2]}dioxaborole.

Ph Ph
O B
o O

The cis-1,2-cyclopentanediol ester of diboronic acid (0.229 g; 1.0 mmole),

diphenylacetylene (0.181 g; 1 0 mmole) and tetrakis(triphenylphosphine)platinum (0.039

g; 0.031 mmole) were placed in a Schlenk tube open to the atmosphere. Toluene (5 mL,
30 dried over 4A molecular sieve) was added, and the sealed tube was heated at 80°C with

stirring for 72 hours. GC analysis showed the corresponding diboronic ester of
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10
The 1,4-anhydroerythritol ester of diboronic acid (0.230 g; 1.0 mmole), diphenylacetylene
(0.177 g; 1.0 mmole) and tetrakis(triphenylphosphine)platinum (0.037 g; 0.030 mmole}
were placed in a Schlenk tube open to the atmosphere. Toluene (5 mL, dried over 4A
molecular sieve) was added, and the sealed tube was heated at 80°C with stirring for 72
15 hours. GC analysis showed the corresponding diboronic ester of diphenylacetylene to

have formed.

Example 57
2-[(Z)-1,2-Diphenyl-2-(4-phenyl-1,3,2-dioxaborolan-2-yl)ethenyl]-4-phenyl-1,3,2-dioxabor
20 olane.
Ph Ph
w8 8
0 O\)\Ph

25 The 1-phenyl-1,2-ethanediol ester of diboronic acid (0.294 g; 1.0 mmole),
diphenylacetylene (0.180 g; 1.0 mmole) and tetrakis(triphenylphosphine)platinum (0.038
g; 0.030 mmole) were placed in a Schlenk tube open to the atmosphere. Toluene (5 mL,
dried over 4A molecular sieve) was added, and the sealed tube was heated at 80°C with
stirring for 72 hours. GC analysis showed the corresponding diboronic ester of

30 diphenylacetylene to have formed.



90 ARD
"1090ME ()- 109v& ()-!9' 109%41& ()-F 10/ 10/ 2hAPR iy
10/ / z#10% & ()- & i Ej j j MkxkdE~\ =11 | 3@ &10%VE’ () - 3! 10%v&’ () - 3

109K () -s! 1098v& () - 310%VE' () - 3Y& 10%V&' () - xk{ kkH | nm} A2~\ =111 2

"109VE () - 3+f 10908’ () - y#y#100v&' () - ! y#y#109& ()-! vy#y#109%&' ()-! 10%V& () - mMmo
pogor osooo~\ =!I YI0%W&' ()-!& 10%1& ()- 10M 10M 10My<

"109v&' ()-3 ! 109v& ()-!v3 1 10%& ()-opqqr"ssz[9~\=!11{f#S#109B88& () -

1098 ()-!Y 10%& ()- #1094 ()-!'v #1QUWWE' ()-!

#1098 () - st ot uv~vwzX6~\ =! | { 3$10%& ()= §3$109%&' ()-! 3$109%&' ()-! +Y" LO%NE () - f
#HSH109VE' () - ! f #SH109&' () - wwwww wwr P=11 {3$10% " 109%& () -! " 109%Kk& () - 10%v&' ()
-1s'1109%& ()- 10 10 10wNxxoyl zz{wX9P=!l #

109K () - EXamph/g8() - 115" 109%&' ()-! h" 109EBM8& ()-!h"109%& ()-!1"109%& ()-{{{|#}
9~ ~; ~<~" ! bl e ) ull 1 DA ,
T0MM w51 DO (Y 2T OB T s} F oG Rasgigb il- 2 -1 2-iphenyletheny
10980&' () BeRtYdloaBRR4ben2 ONDAMIAAK () - ! qy#10%& ()-, 10%& () -

s1109%&' ()-110%& ()-L' 10%& ()-GAI[}[<PB4! 10M 5 ! 10%& () -

| fY+HLO00R () - f , ##100& () - {1, ##10%& () -y"10%& ()-!|y"10% ()-)7=_@
10MLO%() -1 ; &10%& () - &10%& ()-PM\ 1010

O-B B—O
| {
G O

The cis-1,2-cyclohexanediol ester of diboronic acid (0.251 g; 1.0 mmole),

10 diphenylacetylene (0.176 g; 0.99 mmole) and tetrakis(triphenylphosphine)platinum (0.038
g; 0.030 mmole) were placed 1n a Schlenk tube open to the atmosphere. Toluene (5 mL.
dried over 4A molecular sieve) was added, and the sealed tube was heated at 80°C with
stirring for 72 hours. GC analysis showed the corresponding diboronic ester of
diphenylacetylene to have formed.

15

Example 59
4-[(E)-1,2-Diphenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethenyljphenol.

One pot synthesis of
20

25 The 1,2-bis(boronic acid pinacol ester)-1,2-diphenylethene was obtained following the
method described in Example 6. After addition of PdCI12(dppf).CH2CI2 (27 mg), excess
p-iodophenol (0.35 g) and K2CO3 (0.45 g) the solution was heated for a further 21.5 h at
80 °C. GC analysis of the solution showed only one major peak (at 19.2 mins retention
time) and was shown by GC/MS to be due to the tr1-aryl product.

30
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by the same catalyst.

5 Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, and variations such as "comprises™ and "comprising", will
be understood to imply the inclusion of a stated integer or step or group of iﬁtegers or steps

but not the exclusion of any other integer or step or group of integers or steps.

10 Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood
that the invention includes all such variations and modifications. The invention also
includes all of the steps, features, compositions and compounds referred to or indicated in
this specification, individually or collectively, and any and all combinations of any two or

15 more of said steps or features.



10vv 10vv&) zX6P1 20 APRR 200

10! { Y+@10%/

EA T S £ ,{
2/ & ()-1{Y+@10%/ b/ & () - 9#10%& ()-:!{9#10%/ b/ & ()-: 1 9#10%k&
"()-: I "@#10%E E/ & () - @qrsoPl 10! { Y+@10%/ z/ 10%& ()-! &10%& ()- 10u/ u/

10u/ u/ 10u/ u/
10! {G'10%&' ()

|, 6#10%/ u/ & ()-!, 6#10%/ k/ & () - At A?P1
- @" 109 ()-f!10%& ()-!109& ()-!F "109%& ()-& F

"100& () - &KVa?P1 10!{!q,

+$109€E& () - |
m@10!'{!19' 1

UH10%E () -1, "H10%@B ().
09 ()- 10 10 10f;!10%& (Y- @#109%& () - 93" 10%& () -,

+$109%&' () -1 *pMaBnb@ 10! {!! Y 10%&' ()- @ 10%&' ()-:!1 @ 10%@& () - :

109%&' () - 109%&
100 {11, " 100A
10y; ' 109& () -

10%& ()-0! 109& ()-Y.!10%& ()-$, LrP./!S3#10% ;& ()-!" 109& ()-! 10%& ()-I

- 110% () -IY10

.11S311y" 3#10

S3#10966& () -
3

10

20

o
wn

30

)-3 109 ()- WIEnb@

- @', #10%&' () - 10%&' () - YL0%&' () - anmopx

8 y)109& ()-"!109%& ()- @! 109& ()-109& ()-!109%& ()-]j dE/ 10

@10%&' ()-93! 109& ()-, 1

%URbroyesk Ky OBRAI grgm@@:ep}'r}tennediate, comprising reacting a diboron

SitprE oM Eoosnli i B 6l P (y1H b et O

bond or an acetylenic compound having at least one carbon to carbon triple bond in
the presence of a Group 8-11 metal catalyst such that an organoboronate residue is
introduced on one or two of the carbon atoms of the respective double or triple bond.
wherein satd reaction of the olefinic or acetylenic compound with the diboron
derivative is an addition reaction across the double or triple bond respectively, or in
the case of two or more conjugated carbon to carbon double bonds, the reaction
introduces organoboronate residues on distal carbon atoms participating in the
conjugation, resulting in loss of conjugation. or, in the case of an ¢.3-unsaturated
carbonyl compound, the reaction miroducces a single organoboronate residue on the

p-carbon, resulting in loss of «,f3-unsaturation,;

wherein the olefimic or acetylenic compound has at least one further substituent
selected from the group consisting of hydroxy. amino, imino, carboxy, carboxylato,
carboximidyl, sulfo, sulfinyl, sulfinimidyl, sulfinohydroximyl, sulfonimidyl.
sulfondiimidyl. sulfonohydroximyl, sulfamyl, phosphinyl, phosphinimidyl,
phosphonyl, dihydroxyphosphanyl, hydroxyphosphanyl, phosphono, phosphonato

hydrohydroxyphosphoryl, allophanyl, guanidino, hvdautoyl, ureido and ureylene.

A process for preparing an organoboron intermediate, comprising reacting in the
presence of a protic solvent a diboron denvative with an olefimic compound having
at least one carbon to carbon double bond or an acetylenic compound having at least
one carbon to carbon triple bond in the presence of a Group 8-11 metal catalyst such
that an organoboronate residue is mtroduced on one or two of the carbon atoms of
the respective double or triple bond, wherein said reaction of the olefinic or
acetylenic compound with the diboron dcrivative is an addition reaction across the
double or triple bond respectively, or 1 the case of two or moie conjugated carbon to

carbon double bounds, (he reaction introduces otganoboronale residucs on distal
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or tmore conjugated carbon to carbon double bonds, the reaction introduces
organoboronate residues on distal carbon atoms participating in the conjugation,
15 resulting in loss of conjugation. or, in the case of an o,f-unsaturated carbonyl

compound, the rcaction introduces a single organoboronate residue on the B-carbon.

resulting in loss of o,B-unsaturation.

4. A process for preparing an organoboron intermediate, comprising reacting a chiral

20 diboron derivative with an olefinic compound having at least one carbon to carbon
double bond or an acetylenic compound having at least one carbon to carbon triple

bond in the presence of a Group 8-11 metal catalyst such that an organoboronate

residue is introduced on one or two of the carbon atoms of the respective double or

triple bond, wherein said reaction of the olefinic or acctylenic compound with the

25 diboron dertvative is an addition reaction across the double or triple bond
respectively, or in the case of two or more conjugated caibon to carbon double

bonds. the teaction introduces organoboronate residues on distal carbon atoms
patticipating in the conjugation, resulting in loss of conjugation, or. m the case of an
a,f-unsatwated carbonyl compound, the reaction introduces a single organoboronate

30 residue on the B-carbon, resulting in loss of a,B-unsaturation.
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6 A process for preparing an organoboron intermedjate which comprises reacting an
olefinic compound having a leaving group at an allylic substitution position with a
diboron devivative in the presence of a Group 8-11 metal catalyst such that the

15 leaving gioup is replaced with an organoboronate residue,

7. A process according to any one of claims 2 to 6 wherein the olefinic or acctylenic
compound has at least one further substituent selected from the group consisting of
hydroxy, amino, imino, catboxy, carboxylato. carboximidyl. suifo, sulfinyl,

20 sulfinimidyl, sulfinchydroximyl, sulfonimidyl, sulfondiimidyl, sulfonchydroximyl,
sulfamyl,  phosphinyl, phosphinimidyl.  phosphonyl, dihydroxyphosphany!l,
hydroxyphosphanyl, phosphono, phosphonato, hydrohydroxyphosphoryl, allophansy 1,

guanidino, hydantoyl, ureido and ureylenc.
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A process according to any one of claims 1, 3. 4, 5 or 6 wherein the process 1s

conducted in the presence of a protic solvent.

9. A process according to any one of claims 1. 2,4, 5 or 6 wherein the process is

conducted in the presence of air or oxygen as a promoter.
30
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an enantiomeric excess of one form relative to another such that the formed
organocboron intermediate is chiral having an enantiomecric excess of one form

relative to another.

12. A process according to any one of claims 1 to 4 wherein the formed organoboron

10 intermediate has an organoboronate residue on each carbon atom of the respective
double or triple boud and the reaction mixture is heatcd 1n the presence of a base

such that some or all of the organoboron intermediate undergoes

monohydrodeboronation.

15 13. A process according to any one of claims 1 to 12 wherein the Group 8-11 metal

catalyst comprises palladium, nickel or platinum.

14. A process accordsng to claim I3 wherein the Group 8-11 metal catalyst is a platinum

catalyst.
20
15. A process according to claim 14 wheiein the plaiinum catalyst is a platinum
complex.
16 A process according to claim 15 wherein the platinum complex is selected from
25 Piz(dba),, P1{(PPhs)Cly, PtCla. PH{OAC),, PiCly(dppf)CHLCly, Pt(PPhs)s and related

catalysts which are complexes of phosphine ligands, phosphite ligands, or other

suitable ligands containing P and/or N atems for co-ordinating (o the platinum atowms.

17. A process according to claim 15 or cjaim 16 wherein the platinum complex is

30 tethered on a solid support
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nickel complex or a nickel complex tethered on a solid support.
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A process according to any one of claims 1 to 22 wherein the diboron derivative 15 a

diboromic ester or other stable derivative of diborome acid.

24. A process for covalently coupling organic compounds which comprises:

preparing an organoboron intermedjate according to any one of claims | to 6: and

| O
L

reacting the organoboron intermediate with an organic compound having a halogen
substituent or halogen-like subslituent at a coupling position in the presence of a
Group 8-11 metal catalyst and a suitable base, whereby the olefinic or acetylenic
compound is coupled to the organic compound via a direct bond between the carbon

atom having the organoboronate residue and the coupling position
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carbon atoms participating in the conjugation, resulting in loss of conjugation, or. in

the case of an o,3-unsaturated carbonyl compound, the reaction introduces a single

organoboronate residue on the B-carbon, resulting in loss of ¢,3-unsaturation, and

15 adding water or water and a swtable base or a mild oxidising agent 10 decompose

excess diboron denvative, and

1eacting the organoboron intermediate with an organic compound having a halogen
or halogen-like substituent at a coupling position in the prescnce of a Group 8-11
20 metal catalyst and a suitable base, whereby the olefinic or acetylenic compound 1s
coupled to the organic compound via a direct bond between the carbon atom having

the organoboronate residue and the coupling position.

26. A process according to claim 25 wherein the base added to dccompose the diboron

25 devivative is employed to catalyse the coupling reaction.
27. A process according to claim 26 conducted in a single pot
28. A process according to any one of claims 24 to 27 wherein the olefinic compound is

30 selected trom the group consisting of optionally substituted straight chain, branched

or cyclic alkenes. and molecules. monomers and macromolecules which include at
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35. A process according to any one of claims 24 to 34 wherem the organic compound 13

an acetylenic compound having a halogen or halogen-like substituent in a coupling

30 position.
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conststing of aryl ang alkyl carboxylates, carbonates, fluorides and phosphates of Li.

Na, K, Rb, Cs, ammonium and alkylammonium.
39. A process according to claim 38 wherein the suitable basc for the coupling step is
selected from cesium carbonate, potassium carbonate, potassium phosphate and

alkali metal hydroxides.

20 40. A process according 1o any one of claims 24 to 39 wherein one of said olefimc

compound and said organic compound is a polymer,

41. A functionalised polymeric solid when prepared in accordance with the process of

claim 40.
25
42 A process according to any one of claims 24 to 41 wherein either the olefinic
compound or the organic compound is chemically linked to a solid polymer support.
43. A process according to claim 24 wherem the diboron derivative is chiral having an
30 enantiomeric excess of one form relalive to another such that the formed

o1ganoboron intermediate is chiral having an enantiomeric excess of one form
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1 to 23,

45. A process for preparing an organoboronic acid by hydrolysing the organoboron
intenmediate produced by the process of any one of ¢laims 1-22.
10

46.  Organoboron intermediates selected fiom the group consisting of:

2-{(Z)-2-(5,5-Dimcthyl-1,3,2-d1oxaborinan-2-yl)-1,2-diphenylethenyl]-5,5-dimethyl-1,3,2-
dioxaborinane,

15 2-[(Z)-2-(5,5-dimcthyl-1,3,2-dioxaborinan-2-yl)-1-cthyl-1-butenyl]-5,5-dimethyl-1,3,2-
dioxaborinane,
2-[(Z)-2-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)-1-phenyl-1-butenyl}-5,5-dimethyl-1 3 2-
dioxaborinane,
methyl (Z)-2,3-bis(4,4,5.5-tetramethyl-1,3.2-dioxaborolan-2-yl)-2-noncnoate,

20 (E)-4-phenyl-3-(4,4.5,5-tetramethyl-1.3,2-dioxaborolan-2-y])-3-buten-2-one,
(Z)-4-phenyl-4-(4,4,5,5-tetramethyl- 1,3 2-dioxaborolan-2-y1)-3-buten-2-one,
2-[(E)-1-(1-cvclohexen-1-y1)-2-(4,4,5,5-tetramethyl-1 ,3.2-dioxaboiolan-2-yl)ethenyl]-
4.4,5,5-tetramethyl-1.3,2-dioxaborolane,
1-[(E)-1.2-bis(4,4,5,5-tetramethyl-1.3 ,2-dioxaborolan-2-yl)ethenyljcyclohexanol,

25 (E)-N,N-dimethyl-2,3-bis(4,4.5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)-2-propen-1-
amine,

(E)-3-ethyl-1,2-bis(4,4,5,5,-tetramethyl- ,3,2-dioxoborolan-2- -yl)-1-penicne-3-amine,
(E)-N,N-di(2-propynyl)-2,3- b1s(4,4.3,5~tctramelhyl—1,352-dloxab0rolan-2-yl)-2~propen-1-
amine,

30 4,4-dimethyl-3-(4.4,5,5-tctramethyl-1,3,2~dioxaborolan-2~yl)cyclohexanone,
4.4,5.5-tetramethyl-2-[4-(4,4,5,5-tetramethyl-1 3,2-dioxaborolan-2-yl)-2-cyclohexen-] -
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$] a1DY91"- E(%g—f-,?szdilghenyld—(4,4,515—tetramcthyl-l,3,2—dioxaborolan—2-yl)-l-penten—S—onc.

3-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y!)propanal.
4.4.5.5-tetramethyl-2-[8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-2.4,6-

5 cyclooctatrien-1-yl]-1,3,2-dioxaborolane.
4,4.5.5-ttramethyl-2-[6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2 4,7-
cyclooctatiien-1-yl}-1,3.2-dioxaborolane,
4,4,5.5-Ttetramethyl-2-[8-(4,4,5,5-tetramethyl-1.3,2-dioxaborolan-2-yl)-4-cycloocten-1 -
yl]-1,3,2-dioxaborolane,

10 4,4.55-tetramethyl-2-[9-(4,4,5,5-tetramethyl- 1 ,3.2-dioxaborolan-2-yhtricyclo[5.2.1.02,
6]dec-3-en-8-yl]-1,3,2-dioxaborolane,
4.4,5,5-tetramethyl-2-[3-(4,4,5,5-tetramethy])- 1,3 .2-dioxaborolan-2-y)tricyclo[5 2.1.02,
6]dcc-8-en-4-yl31-1.3,2-dioxaborolane,
4.4.5,5-tetramethyl-2-(4-methylcyclohexyl)-1,3,2-dioxaborolane.

15 4,4,5,5-tetramethyl-2-(3-methyleyclohexyl)-1,3,2-dioxaborolane,
4,4,5,5-tetramethyl-2-[(E)-2-(4,4.5,5-tctramethyl-1.3 ,2-dioxaborolan-2-y1)-1-octen-7-
ynyl]-1,3,2-dioxaborolane,
4,4.5,5-tetramethyl-2-[(1E,7E)-2.7,8-tris(4,4,5,5-tetramethyl-1.3 ,2-dioxaborolan-2-yi)-
1.7-octadienyl]-1,3,2-dioxaborolane,

20 2—[(Z)-1-butyl—2—(4.4.5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-octen—3~ynyl]-4,4,5,5~
tetramethyl-1,3,2-dioxaborolane,
2-|(1Z,3Z)-1-butyl-2.3 ,4-1ris(4,4,5,5-tetramethy]- 1 3,2-dioxaborolan-2-yl)-1,3-octadienyl]-
4.4,5,5-tetramethyl-1,3.2-dioxaboralane,
2-((Z)-2-(4H-1,3,2-benzodioxaborinin-2-y1)-1 ,2-diphcnylethenyl]-4H-1.3.2-

25  benzodioxaborinine,
2-[(Z)-1.2-diphenyl-2-(4,4,6-trimethyl-1 3,2-dioxaborinan-2-yl)ethenyl]-4 4.6-trimethvl-

1,3.2-d1oxaborinane,
2-[(Z)-2-(5,5-diethyl-1,3,2-dioxaborinan-2-y1)-1 .2-diphenylethenyl]-5,5-diethyl-1,3,2-
dioxaborinane,

30 (2-{(Z)-2-[4-(phenoxymethy])-1 ,3.2-dioxaborolan-2-y1]-1,2-diphenylethenyl}-1,3,2-
dioxaborolan-4-yl)methyl pheny! ether,
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(18,28,6R,88)-4-{(Z)-1.2-dipheny]-2-[(1R 2R.68,88)-2,9,9-trimethyl-3,5-dioxa-4-
boratricycelo[6.1.1.02,6]dec-4-ylJethenyl}-2,9,9-trimethyl-3,5-dioxa-4-boratncyclo
[611.02,6]decane,
(3aR,6a8)-2-{(Z)-2-[(3aR 6aS)tetrahydro-3aH-cyclopenta[d][1,3,2]dioxaborol-2-y1]-1.2-
5 diphenylethenyl}tetrahydro-3aH-cyclopenta[d][1,3,2]dioxaborole.
(3aR,6aS)-2-{(Z)-2-[(3aR,6aS)tetrahydrofura(3,4-d](1,3.2]dioxaborol-2-y1]-1.2-
diphenylethenyl} tetrahydrofuro[3,4-d][1,3,2]dioxaborole,
2-[(2)-1,2-diphenyl-2-(4-phenyl-1,3,2-dioxaborolan-2-yl)ethenyl |-4-phenyl-1,3,2-
dioxaborolane, and
10 (3aR,7aS)-2-{(2)-2-[(32aR,7aS)hexahydro-1.3,2-benzodioxaborol-2-yl}-1,2-

diphenylethenyl }hexahydro-1,3,2-benzodioxaborole



